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Seedling blight of smooth bromegrass has been 
a major factor in establishing field stands. The 
influence of environment on disease development 
was investigated in relation to: 1) natural infesta- 
tion with blight-inciting fungi of soils varying 
widely in type, crop sequence, and location, 2) iso- 
lation and identification of the fungi present in the 
diseased seedling tissues, and 3) ability of these 
fungi to incite disease over the range of environment 
studied. Pythium, Fusarium, Helminthosporium, 
and Rhizoctonia spp.. in descending order of preva 
lence. were studied. Disease present in brome 
seedlings representative of southern and northern 
ecotypes, grown at 4 temperatures and at 2 or more 
soil moisture levels in infested soils and in’ pure 
culture inoculations, indicated that low soil tem- 
perature and medium soil moisture were essential to 
establishing healthy plants. Soil temperature in- 
fluenced postemergence blighting more than  pre- 
emergence blighting of bromegrass seedlings. Post- 
emergence blighting was severe only at 28 and 
24°C. Soil origin and fungus flora were important 
in determining the severity of pre-emergence  in- 
jury. Pythium spp. and Helminthosporium sativum 
were associated with greater disease expression than 
Rhizoctonia solani and Fusarium spp. 





Introduction.—Smooth bromegrass. Bromus ine? 
mis Leyss. is an increasingly important forage grass 
in the North Central and Great Plains states. The 
establishment of field plantings is often difficult. 

Stand failures occur in both late summer and spring 
plantings. Seedlings emerge. grow for several days or 
weeks. and then blight. In many cases the death of 
the seedlings is associated with a brown to black 
necrosis of the hypocotyl and roots. Older seedlings 
usually show more tolerance to damage by fungi. 

Numerous species of fungi are isolated from the root 
and crown tissues of cereals and grasses. A relatively 
small number of these are shown to be primary patho- 
gens. The remainder are either secondary invaders 
or essentially saprophytic in behavior. 

Seed-rot and seedling blight of cool-season grasses 
has been attributed to Pythium graminicola Subr. and 
other fungi (13. 14). A total of 949 isolations were 
made from bromegrass by Sprague (13) in 1940-43: 
Fusarium roseum Lk. was the most prevalent, followed 
in order by Pythium spp.. Helminthosporium sativum 
(Pam.) King & Bakke. Fusarium oxysporum Schlecht.. 
and Rhizoctonia solani Kiihn. P. graminicola was the 


most prevalent Pythium species. In a_ survey of 


PuyropatHoLocy for December (49: 


Fusaria associated with root rots of Graminaceae in 
the Northern Great Plains, Gordon and Sprague (5) 
obtained 90 isolates from bromegrass—60 in the F. 
roseum group and 30 identified as F. oxysporum. 

Accumulated evidence indicates that seedling blight 
of grasses is most severe in warm soils. It is well 
known that soil temperatures can be quite hich in 
spring and fall as well as in summer (9). The in- 
fluence of soil temperature on the pathogenicity of root 
disease fungi has been demonstrated by many investi- 
gators. The literature on this subject was reviewed 
by Garrett (4). 

The development of seedling blight of created wheat- 
grass, Agropyron cristatus (L.) Beauvy., planted in field 
soils in the greenhouse, was studied by Buchholtz (2) 
in South Dakota. He found that low soil temperature 
delaved seedling growth and onset of blight. At 
higher temperatures, seedling growth was more rapid 
but blight appeared sooner and final stand losses were 
greater. 

Low soil temperature (21°C) was reported by Hawk 
and Welch (6) to favor stand establishment of brome- 
grass in soil infested with Pythium graminicola. They 
also concluded that the southern ecotype of brome- 
grass, as represented by the varieties Achenbach, 
Fischer, and Lincoln, was more tolerant to Pythium 
root rot than was the northern ecotype, as represented 
by Canadian Common, Manchar, and Parkland. 

Andrews (1) reported that the pathogenicity of 
P. graminicola on bromegrass and crested wheat grass 
was similar at soil temperatures in the range 12-32°C, 

The experiments reported here were made to study 
the influence of soil temperature on the development 
of seedling blight of bromegrass. Tests were con- 
ducted first in naturally infested field soils. Tsola- 
tions were made from diseased seedlings to determine 
the kind and relative prevalence of fungi attacking 
bromegrass. The ability of several fungi to incite 
seedling blight at several soil temperatures was then 
tested in the greenhouse. 

Seedling blight from naturally infested soils. 
Vaterials and methods.—Three experiments were de- 
signed and conducted to determine the influence of 
soil-type, temperature, and moisture on the develop- 
ment of seed-rotting and seedling blight of brome- 
grass. All experiments were conducted in the winter 
at air and soil temperatures of 28, 24, 20, and 16°C, 

1) Canadian Common bromegrass (50 seeds per 
pot) was planted in nonsterile peat-muck soil and in 
white silica sand in 6-in. glazed earthenware crocks. 
Soil moisture was maintained at optimum for seedling 
growth. In the sand, moisture and nutrients were sup- 
plied by watering with a 1N Hoagland’s solution at 
pH te 8 

2) Canadian Common bromegrass seedlings were 
grown in 5 naturally infested soils at optimum mois- 
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ture. The soil types and the areas from which they 
were obtained are as follows: Plainfield sand, Han- 
cock; Peat-Muck, Madison; Colby silt loam. Marsh- 
field; Omega sand, Spooner, Wisconsin; and Boyd- 
Holt sandy loam. Brookings, South Dakota. The range 
of pH in all soils was 5.3-5.7. The soil from South 


Dakota was which the 
establishment of grass stands was especially difficult. 
3) The soil from Brookings was 


tests designed to evaluate the 


representative of an area in 


used in further 


influence of soil moisture 


level as well as soil temperature on seed rot and 


seedling blight of Canadian Common bromegrass. Two 


soil moisture levels were maintained: near saturation 


(13.5% by dry weight of the soil) and optimum (10% 
by dry weight 

The number of seedlings damping-off during the 
course of the experiments was recorded, and the re- 
maining seedlings were removed from the soil and 
rated for disease development 3-5 weeks after plant- 
ing. The analysis of variance was used as an aid 
in evaluating the data 

Results.—Daily records were kept on emergence of 
the seedlings in pre liminary tests of the influence of 


soil temperature on the growth of Canadian Common 


bromegrass. Five weeks after planting final readings 


were taken of emergence, height of tops, length of 


roots, and weight of plants lotal emergence 


green 


was similar at the 4 soil temperatures, but rate of 


emergence was influenced by soil temperature. 


The 


soil and air temperature 


rate of plant development was influenced by 


Height of the plants was 
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of temperature on total emergence and postemergence blighting of Canadian Common brome 
} replications, 50 seeds per pot. 


affected in the ranges 28-24 and 


but was significantly 


not significantly 
20-16°C, 
24-20°C. 
tween 28 


reduced in the range 
Roots were not significantly shortened be- 
and 20°C, 


Although a reduction in 


but they were shorter at 16°C, 


plant size was evident at 


16°C, the seedlings showed a better ratio of roots to 
tops and less root necrosis. 

In the second test with the 5 naturally infested 
soils, final counts on total emergence and _ post- 


emergence blighting were made 21 days after planting. 
Soil type and temperature affected both total emergence 
and the blighting of 


seedling emergence 


amount of postemergence 
(Fig. 1). Total 


lowest in the sandy soils from Hancock and Spooner. 


seedlings was 
Poor emergence in these soils was associated with the 
In 4 of the 
Except in the 
South Dakota soil, in which emergence fell off sharply 
at both 28 16°C, 
markedly reduced at 28 


isolation of large numbers of Pythium spp. 
5 soils, emergence was lowest at 28°C. 
and emergence generally 


and 20°C. 


Postemergence blighting, which was relatively low 


Was 


in this experiment, was most severe at 28°C in 3 of 
the 5 
severe in soils having highest emergence. 


soils. Postemergence blighting was generally 
Postemer- 


gence blighting was not severe in the two sandy soils 


— 


Fig. 2. Fungi isolated from the root and crown tissues 
of Canadian Common seedlings grown in 5 
naturally infested soils. Each fungus at each of 4 soil 
temperatures Is presented as a percentage of the total 
fungi isolated from that 


bromegrass 


particular soil. 
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Papi f taine rom root Experimental results The fungi were identified 
srowing from the cultures growing on nutrient agar. Pythium 
isolates were classified under the major groups o« 
irring commonly on this type of diseased tissue, 
f tota principally Pythium debaryanum Hesse and P. gra- 
Fu solated minicola (P. arrhenomanes Drechsl.). The Snvder 


ind Hansen (10. 11, 12) svstem of classification was 


hl 12 ised lor the Fusarium species, although several 
a 17.5 distinct morphological types were differentiated in the 
1] 7 } roseum group. Ninety per cent ot the isolates in 


this group were ot the type previ rusty called Fusartun 


ly OG equisett (Cda.) Sace. 


Che isolations vielded many different fungus species, 


ealicmetite tie: “ie ie ie ie ie 
ad whe 


0.9 most of which were identified as to genera and species. 
Dota \ group of “determined miscellany” included fungi 
belonging to the following genera: Aspergillus, Chae- 
tomium, Mucor, Phoma, Sclerotium, Trichoderma, 
tad Penicillium, and a Basidiomycete (Another group. 
i, 1 roots of the ‘undetermined miscellany.” included nonsporulating 
seed! it 28°C, and types, some of which produced dark mycelial strands 
decre , \t 16 © ver in the agar. 
little d optile or roots was evident. The fungi isolated from bromegrass seedlings grown 
Neithe ture nol oisture level sig in the 5 naturally infested soils are summarized by 
nihcant sac . UM emergence of the brome graph in Fig. 2. As might be expected, origin of the 
Brass secd test soil from Brookings, soil appeared to be the most important factor in de 
South Dako rgence approached 69 of that termining fungi isolated. Cropping history. soil tex- 
CXPecied al ru However, postemergence tures, and pH are factors that might be expected to 
blight d soil temperature had a faye an influence on the fungus population of the 
marked Thtie develop t of the blighting. various soils. Pythium spp.. Fusarium roseum, and 
\t 28 ¢ . eedlings at the optimum mots Helminthosporium sativum were isolated from 
ture leve wa : #°~ of those the saturated — edlings grown in all soils at most temperatures 
soil, At 24°( he seedlings at both motsture Fusarium oxysporum was isolated only rarely from 
levels No postemergence blighting inv of the seedlings grown at a soil temperature of 
curre@ at <v 110% 16 CC. In addition, fewer isolates of H. sativum were 
Phe 1 tests Indicated that bromegrass — pormally recovered at the lower temperatures. The 
germinated ped best in soils at 24°, 20°, and geeurrence of other fungi did not ippear to be strongly 
16" : ' A at ent of the influenced by soil temperature 
seed ¥ 1 10°% ss root injury All the fungi isolated from bromegrass seedlings in 
was S nting occurred — the 3 tests described in the previous section are listed 
aw: “SIDEne ver tempet es, DUE post in Table 1. Pythium spp. were by far the most 
emergence ; ot severt numerous. When isolated from seedlings that had 
Fungi isolated from diseased seedlings of brome- dam ped-ofl after emergence. the isolates most com- 
grass grown in naturally infested soils. Vatertals monly had the cultural characteristics of P. gramini 
and met) ei ‘ = seedling were grown in cola. Most of the Pvthium isolates from seedlings 
> natural t ! at os temperatures of 28 erown in the Madison peat soil at 16 C were P. 
24 0) ‘ l es nd rela harvanum. Fusarium oxysporum was isolated only 
live pre ting disease under these from several seedlings grown in soil from Brookings 
varyvil Sector of roots and crowns South Dakota. in the test reported in Fig. 4. and was 
Irom set —- ever symptoms in each recovered in subsequent tests with the Brookings soil 
soil and t | e placed cheesecloth bags Influence of soil temperature on pathogenicity 
ind washed no! ning tap wate! he of fungi from bromegrass..— Vaterials and methods. 
sections were rel the bag rinsed in sterile The several fungi commonly isolated from the 
water, and | iter agar for 2.5 days. and — bromegrass seedlings were evaluated for pathogenicity 
mycelial se { each Tungus colony were trans on Canadian Common and Lincoln varieties of brome- 
ferred to potato wal n the test with the 5 grass grown at temperatures from 12 to 28 C in 
naturally infested rand samples of diseased — sterilized sandy-loam soil or sand and 1V Hoagland’s 
bromegrass seed were take | isolations wert solution. The inoculum used was prepared by re- 
made at sev luring the growth of the moving the mycelial mat from fresh cultures on 
plants ind at ti ! i the experiment Fungi iso nutrient media, fragmenting 15 seconds in a Waring 
lated from the seed : in the different soils, and fron blender, and incorporating the suspension directly 


the 4 temperatut ere recorded separately into the soil or into sterile sand that was then mixed 
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SOIL TEMPERATURE °c. 


Fig. 3. Relative pathogenicity of 3 Pythium spp. on 
Canadian Common bromegrass at 4 soil temperatures. 
(Average of 3 replications, 100 seeds per pot. 


with soil or sand. The randomized complete block 
design used for the several experiments permitted com- 
f the pathogenicity of the fungi 


parative evaluation « 
on the 2 hosts at 4 different temperatures, and the 
general effect of temperature on host and disease 
development. Cultural procedures, data taken, and 
isolation of fungi were similar to those described 
previously. 

Experimental results——Pythium graminicola, P. 
regulare, and P. debarvanum' differed markedly in 
pathogenicity to bromegrass seedlings as measured by 
total emergence and postemergence blighiing in a 
sandy-loam soil at temperatures of 24, 20, 16, and 
12 ( (Fig. S| Total emergence Was reduced in soils 
infested with P. debaryanum at all soil temperatures, 
but was lowest at 20 and 24 ¢ Pre-emergence blight- 

occurred only at 20° and 24°C in P. graminicola- 
nfested soil. and postemergence blighting was also 
severe. In soil infested with P. trregulare at 20, 16, 


and 12 C. pre-emergence blighting occurred, as indi- 


ated by total emergence figures. but postemergence 


blighting was not severe. The results indicated that 


injury Was more 


Consequently the upper limit of the temperature 


") 


series was shifted to 28 C in subsequent tests. 


Cultures isolated originally from corn seedlings by 


P. FE. Hoppe 


THOMASON AND DICKSON: SEEDLING 


serious at higher soil temperature. 


BLIGHT OF SMOOTH BROMEGRASS 0 


Severe pre-emergence blighting of both Canadian 
Common and Lincoln bromegrass occurred at 28, 24, 
20, and 16°C when these hosts were grown in sand 
infested with a bromegrass isolate of P. graminicola. 
Both varieties showed blighting, but emergence was 
reduced more in Lincoln than in Canadian Common. 
The average reduction in emergence for all 4 tem- 
peratures was 78° in Lincoln and 38°% in Canadian 
Common (Fig. 4). In another test with Canadian 
Common under similar conditions pre-emergence 
blighting was not as severe (an average of 14% for 
all 4 temperatures). At 28°C a large percentage 
of the seedlings that did emerge damped-off (Fig. 4). 
At the lower temperatures, damping-off was less 
severe and did not occur at 16°C. The pathogenicity 
of 6 isolates of H. sativum, 3 from barley and 3 from 
bromegrass, was compared on the 2 varieties of brome- 
grass grown in sand at 22 and 24°C air temperature. 
Final readings were taken on total emergence, height 
of tops, and length of roots, 23 days after planting. 
Plants were placed in 5 classes from 0 to 10, according 
to severity of injury, and a disease index calculated. 
Data are presented in Table 2. The origin of the 
H. sativum culture, i.e., whether from barley or 
bromegrass, did not influence pathogenicity  signifi- 
cantly. One isolate from barley (Ba-1-53) and one 
from bromegrass (Br-6-53) were more pathogenic than 
the others. From reductions in emergence and the 
disease index, the variety Lincoln appeared more 
susceptible than Canadian Common. 

The pathogenicity to Lincoln bromegrass of H. 
sativum isolate Br-6-53 was tested further in sand at 
temperatures of 28, 24, 20. and 16°C. Emergence of 
Lincoln bromegrass seedlings was reduced an average 

of 30°) for all temperatures in sand infested with 
H. sativum (Table 3). Pre-emergence blighting was 
not influenced by soil temperature. Postemergence 
blighting (20°) ) was serious only at 28°C. However, 
some injury to the emerged seedlings was evident at 
all temperatures. Stunting of seedlings and necrosis 
of the roots and coleoptile were most severe at 28 and 
<4, Although both pre- and postemergence blight- 
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Fig. 4. Total emergence and postemergence blighting 
of Canadian Common and Lincoln bromegrass seedlings at 
4 temperatures (°C) in sand infested with Pythium 


graminicola Average of 3 re plic itions, 50 seeds per pot. 
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Tasie 2.—Relative pathogenicity of six isolates of Helmin 
(C.C.) bromegrass see gs grown in 22° soil at 24 
Barley isol 
Check Ba—1-53 Ba 
Number of seedlings Lin vA 26 
C4 Te 8 
Height of tops (cm Lin 15.7 9g 
(4 20.0 13.5 
Length of roots (cm) Lin 12.3 0 
C4 BR 5.3 
Disease index' Lin ( 67 
is ra) 74 


) seeds per pot 
100 all seedlings dead. 


* Data average of 3 replications 
» Disease index: 0 all healthy 


ing occurred in the presence of H. sativum, it was not 
as severe as that associated with P. graminicola. 


The 2 of R. 


grass that were compared did not cause pre-emergence 


isolates solani obtained from brome- 


blighting of Canadian Common and Lineoln seedlings 
at any of the 4 soil temperatures. Some postemergence 
lesioning and blighting occurred, but it was not serious. 
28°C with 


influenced 


Postemergence blighting was most severe at 
one isolate of the fungus, but not strongly 
the 


was injured somewhat more 


by temperature with other. Canadian Common 


than was the variety Lin- 
coln. Injury to the bromegrass seedlings was confined, 
for the most part, to necrosis of the coleoptilar tissue 
at the surface of the sand. Very little root injury was 
observed, although the roots were found to be closely 
associated with the fungus mycelium 

The 5 Fusarium isolates compared for their patho- 
genicity to Lincoln bromegrass at 4 soil temperatures 
were obtained from the roots of bromegrass seedlings 
grown in the field at Hancock, Wisconsin. Two iso- 


lates of F. roseum differing in gross morphological 


characteristics were used, one of Fusarium tricinctum 
(Cda.) Sace. ex Snvd. & Hans., and one each of F. 
oxysporum and F. solani. The data are presented in 
Table 4. None of the 5 Fusarium isolates caused 


tricinctum and one 


f 


isolate of F. roseum reduced stand slightly, but were 


severe pre-emergence blighting. 


relatively innocuous in comparison with P. graminicola 


and H. sativum. 


Taste 3.—I/nfluence of sol temperature on the _ patho 
genicity of Helminthosporium sativum (isolate Br 
6—53) on Lincoln bromegrass" 

Post 

Total emergence Post 
emergence blighting emergence 
(no. (no blighting 

seedlings) seedlings) ("o)} 

Soil . 

temperature Con Br Con- Br Con- Br 
i trol 6—53 trol 6—53 trol 6—53 
28 lo 52 | 6 na 18.8 
24 }4 | l ae ».0 
20 14 39 0) ] 0.0 0 
16 A | 0 0) 0.0 0.0 
Average = tlio 0.5 20 1.1 6.2 

* Data average of 3 replications, 50 seeds per pot 
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thosporium sativum to Lincoln (Lin.) and Canadian Common 
( 


aur temperature 


ates Bromegrass isolates 
2-53 =Ba—-13-53 Br-6-53 Br-14-53 —sBr-15-53 Av. 
10 33 22 36 38 34 
+ 38 33 16 15 42 
14.3 11.5 7.8 14.7 11.5 12.2 
19.3 15.0 12.0 15.5 19.0 16.3 
9.5 5. 3.8 6.0 3.2 6.8 
11.3 6.5 | 6.0 ded 12 
4 62 62 34 52 4 
33 8 60 30 i) 39 
Disecussion..-I[mportant considerations in the de- 
velopment of bromegrass seedlings in infested soil 


were condition of the seed and its capacity to germinate 
and grow vigorously. Preliminary trials indicated that 


response to seed treatment was greatest in seed lots of 


low vigor. Seed treatment improved emergence but 
did not protect the seedlings from postemergence 
blighting. 

Dickson (3) and Leach (7) found that pre-emer- 


gence blighting and seedling injury were more serious 
when crop plants were grown at soil temperatures that 
favored growth of the pathogen more than growth of 
the host. This 
emergence damping-off of bromegrass was more serious 


may explain, in part, why post- 
at high temperatures since the optimum temperature 
for growth of P. graminicola and H. sativum was about 
28°C, 
physiologically better balanced growth at temperatures 
of 20 and 16°C. 


Canadian Common 


whereas bromegrass seedlings showed a 


re- 
southern 


and Lincoln bromegrass, 
the 
ecotypes, apparently responded differently to pathogens 


With the particular seed lots used, 


spectively representing northern and 
and temperature. 
Canadian Common showed better stands in the pres- 
ence of P. graminicola and H. sativum, especially at 
the low temperatures, than Lincoln. This is in con- 
trast to the results obtained under field conditions by 
Hawk and Welch (6) and Nielson, Dickson, and Smith 
(8), who concluded that varieties representing the 


southern ecotype were more resistant to seedling blight 


Taste 4..-Average emergence of Lincoln bromegrass seed- 
lings in sand infested with 5 Fusarium spp. at 4 


soil temperatures" 


Total emergence 


Fusarium (no. seedlings) 


spp 
Control 12.8 
Fusarium acuminatum 39] 
Fusarium equiseti 14.4 
Fusarium poae 40.2 
Fusarium oxysporum 42.1 
Fusarium solani 15.1 
L.S.D. 05, 2.2 
L.S.D Ol, 2.9 


‘Data average of 3 replications at each of 4 soil tempera- 
50 per pot. Soil temperatures, 28, 24, 20, 
16°C, 


seeds 


tures, 
and 
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than were the northern. The plants of the southern 
ecotypes, through the process of natural selection, 
may show more resistance to seedling blight; however, 
in the limited comparisons reported here, the northern 
ecotypes appear to show better plant development and 
less disease at the low temperatures than the southern. 

Pythium spp. were the more common fungi isolated 
from diseased seedlings. Although Fusarium roseum 
and Fusarium oxysporum were isolated from diseased 
seedlings they did not cause serious injury under the 
conditions of these tests. Rhizoctonia solani was not 
commonly isolated and caused only a small amount of 
postemergence blighting. Helminthosporium sativum 
made up 11% of the isolates from bromegrass seed- 
lings. Isolates of H. sativum from bromegrass and 
barley were equally pathogenic to bromegrass seed- 
lings. 

The results of these tests indicated that stands of 
bromegrass were better in soils at temperatures at or 
below 20°C.—Department of Plant Pathology, Univer- 
sity of Wisconsin, Madison. 
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SUMMARY 


A virus isolated from Commelina nudiflora that 
mottles, dwarfs, and kills young plants of spinach 
varieties resistant to a number of strains of cucum- 
ber mosaic virus 1, has been identified as another 
strain of this virus. Its symptoms on certain hosts 
distinguish it from the typical strain, as well as 
from two other strains of cucumber virus 1 also 
highly infectious on spinach. 





In screening selected lines of spinach for resistance 
to blight caused by cucumber virus | (CMV) Webb 
et al. (3) used the typical strain and 6 atypical strains 
from a collection maintained by the senior author on 
caged plants of Turkish tobacco in a greenhouse at 
the Plant Industry Station, Beltsville, Md. Five of the 
atypical strains and the typical strain produced no 
symptoms on a highly resistant selection (P.I. 179590) 
from a recent spinach introduction from Belgium. The 
sixth strain was highly infectious to spinach and se- 
verely damaged or killed all the plants of the resistant 
selection and those of resistant and susceptible com- 


mercial spinach varieties and hybrids tested. In more 


recent tests all plants of 120 additional plant introduc- 
tions were also severely injured. 

This last virus was collected in 1950 by Freeman A. 
Weiss on plants of day flower, Commelina nudiflora 
L.., at the Plant Industry Station. It was given to the 
senior author, and, after test inoculations on cucum- 
ber, tobacco, tomato, and a few other species, was 
classed as an isolate of CMV and maintained on 
Turkish tobacco in the greenhouse. 

The recent discovery of the lethal effect of the 
commelina strain on plants of spinach varieties and 
lines resistant to a number of other strains of CMV 
suggested the advisability of using this strain in screen- 
ing spinach breeding lines for blight resistance. There 
are grounds for a belief that lines resistant to this 
strain are likely to be resistant to many other known 
strains of CMV (3). The physical properties of the 
commelina strain and its distinguishing symptoms on 
certain hosts are described in this paper. 

Materials and methods._[n these studies, all inoe- 
ulations were made on young plants in the green- 
house at temperatures ranging from 22 to 28°C. The 
typical strain and the commelina strain were main- 
tained on young, rapidly growing Turkish tobacco 
plants. Inoculum was prepared by macerating infected 


i iacae onde caliedie alin eins adina-aineppieiamemadiivnt: 








leaves in a small amount vater. Inoculations were 


made by dusting leaves with rborundum and rubbing 


them with a cheesecloth pad saturated with the inocu- 
lum. Plants were rinsed water after inoculation. 

Symptoms and host range.—-The most important 
differential characteristic of the commelina strain was 
its ability to cause severe iry to spinach varieties 
resistant to all the other strains of CMV tested. How- 
ever, the symptoms produced by the commelina strain 
differed markedly from those produced by the typical 
strain on a number of other hosts also. On hosts on 
which the symptom patterns of both strains were much 
the same the mottling caused by the commelina strain 
tended to be more pronounced 

The resistant spinach varieties Old Dominion, Vir- 
ginia Savoy, and a highly resistant selection from Pi. 
179590 were not affected by the typical strain. When 
inoculated with the commelina.§ strain young plants 
having 4-6 leaves showed rapid vellowing, stunting, 
and necrosis of the younger leaves These plants 
collapsed and died within 8-12 days Plants of the 
blight-susceptible variety Bloomsdale were vellowed, 
stunted, and killed by the melina strain, but no 
more rapidly than were the resistant varieties just 
mentioned. The typical strain also yellowed and 
stunted Bloomsdale plants and eventually killed a few 
Disease development in all varieties was more rapid 


above 24°C. 


The two strains also showed pronounced differences 


in their effects on certain hosts other than spinach 
These hosts and their symptoms are as follows 
Cucurbitaceae | Cucumber, Cucumis sativus 1 
var. Marketer. Commelina str Stems of seedlings 
often shriveled and killed. Faint yellow” primary 


lesions on cotyledons. Bright-vellow vein clearing and 


yellow dots on leaves first showing systemi symptoms, 
Later ones smooth and mottled with small vellow 
patches. Sometimes V-shaped necrotic patches on old 


killed. No 
Mild vein clearing on 
Later 


leaves. Typical strain: Seedlings rarely 


primary lesions on cotyledons 


leaves first showing systemic symptoms ones 
mottled with large yellow patches. Green areas raised 
and blister-like No leaf n l 

2) Muskmelon, Cucumis 1 » L. var. Hearts of 
Gold. Commelina strain: Pale-tan primary lesions on 
cotyledons. Strong yellow vein clearing and mottling 
of leaves first showing systemic symptoms. Pronounced 


ly ple il strain No 


Faint vein clearing of 


vellow mottling of later growth 


primary lesions on cotyledons 


leaves first showing systemi mptoms and a mild 
yellowish-green mottling of later ones 

3) Squash, Cucurbita pepo L. var. Early Prolif 
Straightneck. Commelina. stratr Large > mm) 
brown, circular primary lesions on cotyledons. Leaf 
symptoms similar to those on muskmelons Plants 
stunted more than by typical strain Typical strain 
Symptoms similar to those on muskmelon but more 
pronounced yellow-green mottling of later leaves 


ivish-white. etched 


Bril 


Solanace ede. ] ) ] 
( Onim.é 


na «sf Sal 


var. Samsun. 


di imeter 


lesior - ; ) al 


circular primary 
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first showing 


symptoms followed by mottling with sharply 


liant yellow vein clearing on leaves 


system 
defined yellow-green spots. Mild yellow-green mottling 


of later growth. Little distortion of leaves. Typical 


strain: No leaf lesions. Mild pale-green vein clearing 
on leaves first showing systemic symptoms. Mild 
light- and dark-green mottling of later growth. Dark 


areas often blister-like and some leaves misshapen. 


2) Nicotiana glutinosa L. Commelina strain: Faint 


vellowish rings and strong vein clearing on inoculated 
leaves. Light- and dark-green stippled mottling and 


occasional filiformity on later growth. Typical strain: 


Faint vein clearing and vellowish-green mottling on 


inoculated leaves. Yellowish-green mottling of later 
growth. No leaf deformity. 
Leguminoseae.—1) Bean, Phaseolus vulgaris L. vars. 


Refugee and Pinto. Commelina strain: Pronounced 


pale-green systemic mottling of leaves of Refugee. 


Yellowing and veinal necrosis of inoculated primary 


leaves followed by systemic green mottling of tri- 


foliolate leaves of Pinto. Typical strain: No symptoms 


on Refugee. Brown. stipple necrosis of inoculated 


primary leaves of Pinto, but no systemic 
faba bE. 
Commelina 


symptoms. 


; Peterm 


yA Broad bean, 
Bell Bean. 


brown primary lesions. 


Vicia var. 
Small. 


Mild green systemic mottling. 


minor 


var. strain: chocolate- 


Typical strain: Sparse, brown, necrotic primary lesions. 
No systemic symptoms. 


3) Cowpea, Vigna sinensis (Torner) Savi 


Black. Small, 


lesions and veinal necrosis en primary 


var. 


Commelina — strain: brown primary 
Pro- 
nounced systemic vellow mottling of trifoliolate leaves. 
Small, lesions. No 
systemic symptoms, 


1) Pe a, 


Commelina strain: Mild, pale-green systemic mottling. 


leaves. 


strain: brown primary 


Typical 


Pisum sativum L. var. Thomas Laxton. 


Yellowing and withering of older leaves. Typical 


strain: No symptoms. 

Both strains produced similar symptoms on all the 
other Phaseolus 
acutifelius var. latifolius Freeman, which was not in- 
fected by On 


melina strain caused more pronounced mottling of the 


spec ies tested except Tepary bean, 


either. many of these hosts the com- 


leaves and slightly more stunting of the plants, but 


the systemic symptoms were not markedly different 
from those caused by the typical strain. The same 
was true of primary lesions if these occurred. The 


host species in this group were as follows: Antirrhinum 


majus L. (snapdragon), Apium graveolens L. (celery), 


Beta vulgaris L. (garden beet), Capsicum frutescens 
lL. (sweet pepper), Datura stramonium L. (jimson 
weed), Gomphrena globosa L. (globe amaranth), 


Mill. 


sv/vestris opeg.. 


(tomato). .Vicotiana 
Petunia hybrida Vilm. 
(petunia), Phaseolus lunatus L. (lima bean). 
Zinnia 


corn!. 


Lycopersicon esculentum 


rustle a | ~ if 
Solanum 
melongena | ‘ ele £Lans 


(eggplant). Jaca. 
| | 


(zinnia). and Zea mays L. (sweet 


Physical properties. Expressed juice of voung sVys- 
infected tobacco plants was used in com- 
the 


dilution 


temically 
the 
and 


thermal inactivation points of two 


their ability to 


paring 


strains withstand and 
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aging in vitro. Both were infectious after being heated 
10 minutes at 70 C, and both were inactivated at 
75°C. Both were infectious at dilutions of 1:10,000. 
but not at 1:20.000, and withstood aging in vitro for 
4 days but not for 5 days. In dry tobacco leaves, both 
strains were inactive after 3 days. 

Cross-protections.—When mottled leaves of zinnia 
plants infected with either the typical strain or the 
commelina strain were inoculated with Price's indica- 
tor strain (No. 6), no lesions were produced on any 
of 3 sets of 5 plants infected with either strain. 
Healthy plants inoculated with only the indicator 
strain developed many typical lesions. These results 
indicate that the virus from commelina is a_ strain 
of cucumber virus 1, 

Discussion.—Fulton (2), Doolittle and Zaumeyer 
(1) described strains of cucumber virus 1 that consist- 
ently mottled. dwarfed. and killed plants of the resistant 
spinch varieties Old Dominion and Virginia Savoy. 
hese strains are no longer available for direct com- 
parison with the commelina strain, but the latter 
differs from each of them in its effects on certain hosts, 
Fulton’s strain D, which damaged 100°; of the re- 
sistant) spinach plants inoculated. did not cause 
shriveling of the stems of infected cucumber seedlings 
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or the V-shaped necrotic patches on old leaves of 
cucumber that are characteristic of the commelina 
strain. The latter strain also caused bright yellow 
vein clearing and yellow mottling of the leaves of all 
varieties of V. tabacum tested. These symptoms were 
not reported by Fulton. The pepper ringspot strain 
isolated from alfalfa by Doolittle and Zaumeyer caused 
severe injury to Old Dominion spinach, but differed 
from the commelina strain by producing ring mark- 
ings on pepper leaves and fruits and failing to cause 
systemic infection of eggplant. It also produced pri- 
mary lesions and veinal necrosis on Tepary bean, which 
was not infected by the commelina strain. These dif- 
ferences indicate that the commelina strain is not 
identical with either of these strains.--Plant Industry 
Station. Beltsville, Maryland. 
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Homogenates and extracts of Ditylenchus tri- 
formis, D. dipsaci, and Pratylenchus zeae were 
assayed for hydrolytic, respiratory, and terminal 
oxidative enzymes by techniques utilizing viscosity, 
titration, and colorimetric and spectrophotometri« 
measurements, 

Many enzyme systems were similar for the three 
nematodes. Cellulolytic (Cx) enzyme activity was 
present in homogenates of all three nematodes. 
Pectinmethylesterase and amylase activities were de- 
tected in homogenates of D. triformis and D. 
dipsaci: however, variable protease and no_poly- 
galacturonase activities were found in homogenates 
of these nematodes. Other enzymes detected in ex- 
tracts from D. triformis and D. dipsaci were hexo- 
kinase, phosphoglucomutase, phosphoglyceric mu- 
tase enolase, gluc ose-6-phosphate dehydrogenase. 
6-phosphogluconic dehydrogenase, condensing en- 
zyme, isocitric dehydrogenase, malic dehydrogenase, 
“malic” enzyme, diaphorase, and DPNH-cytochrome 
ec reductase (DPNH is reduced diphosphopyridine 
nucleotide). The hexokinase in extracts from D. 


triformis was active with glucose, fructose, galac- 
tose, and mannose, in order of decreasing reactivity. 
Lactic dehydrogenase activity was present in ex- 
tracts from D. triformis, but was not conclusively 
demonstrated in extracts from D. dipsaci. Fumarase 
and cytochrome oxidase were detected in extracts 
from D. triformis. Absorption spectra of reduced 
versus oxidized extracts of D. triformis had one 
absorption peak around 430 my (Soret bands) 
and another much broader peak around 550 mp 
(cytochrome c). Spectroscopic observations on 
massed intact nematodes revealed a dark absorption 
band around 550 mp, and a fainter one around 
605 my, indicating the presence of cytochromes c 
and a +- a., respectively. 

The over-all metabolism of Ditylenchus species 
seems to follow the general pattern established for 
the metabolism of other animals, including animal- 
parasitic nematodes, 





Because plant-parasitic nematodes are considered 
obligate parasites, it is particularly difficult to study 
and interpret their complex relationships. Histo- 
pathological and histochemical methods have been 
used to investigate such interactions. Another possible 
approach is to study the metabolisms of the plant and 
parasite separately. All these methods have their 
limitations. Only the use of several approaches in- 


volving different techniques yields a fairly accurate 
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picture of host-parasite interac tions 


Several recent reviews (4, 6, 8, 12) summarize our 


knowledge of the physiology of animal-parasitic 
helminths. Few investigations have dealt with the 
metabolism of free-living and plant-parasitic nema- 
todes. Early studies of helminth physiology dealt 
principally with the hydrolysis of substrates and the 
effects of substrates and inhibitors on oxygen uptake 
with Warburg apparatus using whole or homogenized 


organisms. More sensitive methods and equipment, 
such as the spectrophotometer, have made _ possible 
more detailed and precise studies of nematode physi 
ology. 

Several hydrolytic enzymes have been studied in 


helminths. The presence of proteases has been demon- 


(12, 28, 47). 


enZymes 


strated in various animal parasites 


Qualitative differences in proteolytic were 


indicated by the varied activities of homogenates of 


different nematodes towards several substrates (12, 
28). Protease, amylase ind invertase activities were 
present in distilled water in which live specimens of a 
Meloidogyne sp., Ditylenchus destructor Thorne, and 
D. allii (syn. D. dipsaci (Kiihn) Filipjev) had been 
kept for 24 hours at 23 25°C (50) Amylase and 


lipase activities were found in the 2 animal parasites 


{scaris lumbricoides | ind Strongvlus edentatus 


(Looss), and the coelomic liquid of the former 


possessed sucrase, lactase 
Cellulase 
homogenates 


and D mvyce 


maltase and phosphatase 
ind chitinase activities were 
of Ditylenchus 


Goodey, but not in 


activities (12). 
present in dipsaci, D. 


destructor phagus 


homogenates of Turbatrix aceti (Miller) (48). Slight 
pectinase activity was detected in only one of several 
homogenates of D. dipsaci tested 

Glvycolysis in helminths has probably been investi- 
gated more thoroughly than other metabolic systems, 


number of 


results. \ 


the utilization of 


sometimes with conflicting 


studies have concerned elvcolytic 


intermediates assayed by manometric techniques or 
end-product analys : Sil whole specimens homog 
enates, and extracts of several animal parasites (4. 
a: Sa,. Ro 2 Se Several glycolytic enzymes have 
heen demonstrated with spectrophotometry in extracts 
of Trichinella spiralis (Owe larvae (14, 16). rhe 
oxygen uptake by preparations of the free-living nema- 
tode Panagrellus § side cle Man) Coodey (svn. 
{nguillula silusias Warburg apparatus increased 
upon addition of lactate icetate, and glycerophosphate. 
but in Thunberg tubes only glycerophosphate increased 


the rate of methvlene blue decolorization (9 


Enzymes of the pentose phosphate shunt pathway 


were recently demonstrated several animal parasites 
Extracts of several different nematodes contained 
glucose-6-phosphate dehydrogenase and 6-phosphoglu 
conic dehydrogenas ictivities (29), Extracts of 
{scaris lumbricoides muscles revealed in addition to 
these 2 enzymes the presence of transketolase, ribose 
5-phosphate dehydrogenase and xylulose-5-phosphate 


dehydrogenase (11). 
The tricarboxylic acid 
studied by 


nematodes has been 
Manometric tech 


several nvestigators 
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niques have revealed the utilization of many inter- 
mediates by animal parasites (8, 12, 14, 15). The 
“malic” enzyme in higher animal tissue is specifically 
dependent on TPN (triphosphopyridine nucleotide), 
but preparations from Ascaris lumbricoides muscles 
reduced DPN (diphosphopyridine nucleotide ) rapidly 
(12). Addi- 


tion of glutamate, citrate, or butyrate did not increase 


and were one-third as active with TPN 


the oxygen consumption of Panagrellus silusiae in 
Warburg apparatus, but succinate, citrate, and gluta- 
mate increased the rate of methylene blue decoloriza- 
tion by this nematode in Thunberg tubes (9). 

\ variety of chemicals have been tested for inhibi- 
tion of specific enzyme systems or general respiratory 
The 


inhibition of succinic dehydrogenase by malonate has 


metabolism of helminths. classic competitive 
been demonstrated with homogenates of several ani- 
mal parasites (4, 8, 12, 15) and in Panagrellus silusiae 
(9). Fluoroacetate (8), (41), trivalent anti- 


monials (7, 33), and hexoses 


fluoride 
and hexose 


have been shown to inhibit specific 


certain 
phosphates (8) 
enzymes of helminths, but the 
other chemicals has been less defined (4, 8, 9, 26). 


inhibitory action of 


The cytochromes and hemoglobins have been 
searched for and studied in several helminths (4, 8, 


b, and ¢ were observed spectro- 
packed Trichinella 

possessed the activity of 3 
Cie}. 


also evidence that cytochromes are present in Pana- 


12). Cytochromes a, 


scopically in whole, larvae of 


Spiralis and extracts 


enzymes active in terminal oxidation There is 
grellus silusiae (9). Cytochromes are lacking in some 
animal parasites (8) and there is evidence that FAD 
important in_ their 
iZ). 


The present investigations were made to determine, 


(flavinadenine dinucleotide) is 


terminal oxidation mechanisms (4, 


through the detection of specific hydrolytic and respira- 


tory enzymes, if the metabolism of free-living and 


plant-parasitic nematodes was similar to that of animal- 
parasitic nematodes and higher animals. The specific 
objectives were: 1) to develop methods by which the 
enzyme activities of nematodes could be demonstrated, 


2) to demonstrate 


the activity of nematode enzymes 
that involve hydrolysis of host components, and 3) to 
demonstrate the activity of nematode respiratory en- 
zymes, 

Phe two nematode species principally used in these 
studies, Ditylenchus triformis Hirschmann and Sasser 
and D., dipsaci, were quantities needed to prepare 


homogenates and extracts. Pratylenchus zeae Graham 


was used in a few tests. 
Materials and methods.--Sources of nematodes. 
The bisexual population of Ditylenchus triformis (ob- 


tained from Dr. Hedwig Hirschmann) used was propa- 


cated on a Fusarium-like fungus growing on PDA 
(potato-dextrose agar) in Petri plates at 23-30°C 


Nematode 


months after the cultures were initiated. A 


(19). reproduction was abundant 2-3 
constant 
supply of nematodes was maintained by periodically 
transferring a plug of PDA containing the fungus and 
culture to fresh 


Nematodes were separated from the medium 


nematodes from an old plates of 


medium. 
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and fungus by placing the whole culture on wet- 
strength tissue paper on plastic screens in Baermann 
funnels kept at room temperature. After 24 hours, 
nematodes were collected from the funnels in a small 
amount of water. Eighty 9-cm Petri plates supplied 
enough nematodes for an extract or homogenate. 

D. dipsaci specimens were obtained from infected 
alfalfa hay collected (June, 1958) from a naturally 
infested field, dried indoors, and stored in bags at 
room temperature. A small amount of 2% Chlordane 
was applied to the bags to keep insects out. For 
extraction of nematodes the hay was placed on wet- 
strength tissue paper on a plastic screen fastened to a 
1.5 4ft. wooden frame tilted about 15 from the 
horizontal, and a continuous spray of water mist was 
applied. A plastic container under the lower edge of 
the screen caught the water dripping off. The distance 
between the point where the water dripped into the 
container and the overflow was sufficient for the 
nematodes to settle to the bottom and not be washed 
out with the overflow water. The hay was usually 
sprayed with mist for 36 hours at room temperature. 
The water suspension of nematodes was placed in 
plastic buckets at 17°C and the nematodes were 
allowed to settle out. The volume of the nematode 
suspension was reduced to about 100 ml by repeating 
the settling process twice more. Nematodes from 3 
or 4 batches of hay were generally sufficient for a 
series of tests. 

Specimens of Pratylenchus zeae were obtained from 
infected roots of N.C. 27 field corn growing in the 
greenhouse in 6-in. pots. Nematode cultures were 
established by mixing a small quantity of finely 
chopped infected roots with methyl bromide-treated 
soil, placing the soil in pots, and planting corn seed, 
Fertilizer applied was sufficient for good plant growth. 
At 12-14 weeks, when the corn plants became 
senescent, some of the roots were discolored and num- 
bers of P. zeae maximum. Other nematode species 
present amounted to less than 5°. The infected 
corn roots were thoroughly washed and chopped to 
small pieces with scissors. The nematodes were 
collected by the technique described for D. dipsact. 

Preparation of nematode homogenates and extracts. 

The concentrated suspensions of nematodes were 
pelleted by centrifugation and the supernatant re- 
moved with a pipette. To eliminate most bacteria and 
soluble substances present in the suspensions the 
nematodes were resuspended and centrifuged a few 
seconds at 680 G, 8 times with distilled water and twice 
with buffer or sucrose solution. After each washing 
the supernatant was discarded and the process repeated 
with fresh solution. These massed nematodes were 
ground to prepare homogenates or extracts, or were 
placed at 4° C until used. 

Nematode homogenates for the assay of hydrolyti 
enzymes were prepared as follows: 1-5 ml of the 
washed, packed nematodes in 0.25M sucrose or 0.1M 
potassium phosphate buffer, pH 7.4, were placed in a 
15-ml Ten-Broeck ground-glass tissue grinder held in 


an ice bath. About 10 mg of glutathione were added 
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to the nematodes and they were homogenized for 
10-20 minutes. Cold sucrose or phosphate buffer solu- 
tion was added to the homogenate to make a final 
volume of 8-10 ml. About 3 ml of this homogenate 
was removed to a test tube and heated 5-10 minutes 
in a boiling water bath to prepare the boiled ho- 
mogenate. Sucrose solution was added to homogenates 
for cellulolytic (Cx), polygalacturonase, pectin- 
methylesterase, and proteolytic enzyme assays. Phos- 
phate buffer was added to homogenates for amylase 
assays. Protein content of the homogenates was as- 
sayed colorimetrically after the method of Lowery 
et al (30) at 650 my against a casein standard cali- 
bration curve. Protein contents of the different ho- 
mogenates varied from 2.9 to 12.5 mg of protein per 
ml, with most about 10 mg. 

Nematode extracts for the assay of other enzymes, 
except cytochrome oxidase, were prepared as follows: 
3-6 ml of the washed, packed nematodes in buffer 
were added directly to 1-5 g of ground glass (200- 
mesh, Fisher) in a small cold mortar. In some cases 
the nematodes were further concentrated by filtration 
with a medium-porosity sintered-glass filter before be- 
ing placed in the mortar. In the first extracts about 
10 mg of glutathione was added to the mixture before 
grinding, to complex any enzyme-inhibiting heavy 
metals possibly present. This was omitted later be- 
cause it interfered with certain assays. The mortar 
was placed in ice and removed to a cold room at 3°C, 
where the nematodes were ground for 10-20 minutes. 
Sometimes more ground glass or buffer was added to 
obtain a thick paste of the nematodes and glass dur- 
ing the grinding; this greatly helped maceration of 
the nematodes. Microscopic examination revealed that 
nearly all the nematodes, except for a few larvae, were 
consistently macerated in this way. Several ml of cold 
buffer were added to the ground nematodes, depending 
on the quantity of extracts desired (usually 3-5 ml), 
and the mixture was stirred in the cold for 10 minutes 
to extract the enzymes from the macerated nematodes. 
The slurry was transferred to 7-ml plastic centrifuge 
tubes and kept in an ice bath until centrifuged at 2°C 
for 15 minutes at 25,000 G. The clear vellowish or 
colorless supernatant was used for the enzyme assays. 
\ portion of this extract was placed in a test tube in a 
boiling water bath for 5 minutes to prepare the boiled 
Protein content of the extracts was measured 
spectrophotometrically by 260-280 my absorption 
(21). Protein contents of the different extracts varied 
from 1.9 to 9.4 mg of protein per ml, averaging about 


extract. 


3 mg. Extracts were not diluted to a constant protein 
concentration. Most were prepared with 0.1M potas- 
sium phosphate buffer at pH 7.4, but some, including 
all where the enzyme assay procedure called for 
manganous ions, were prepared with 0.05M glycyl- 
glycine buffer at pH 7.4. 

All the extracts for the assay of DPNH-cytochrome 
ec reductase (DPNH is reduced DPN) and some for 
diaphorase were dialyzed to remove reducing com- 
pounds. The extract (2-3 ml) was placed in a Cello- 
phane dialysis sac and suspended in 1 liter of 0.1M 


os i rena samt 4 le ms wale 








potassium phosphat pH 7.4. surrounded by 


ice. The buffer was stirred eed dialysi ind the 
whole apparatus was ke] old root to * Phe 
extracts were dialyzed 16 hour 

Nematode ext t I tral analyse lor vto 
chrome pigments oxidase were pre 
pared as follows nul I ol pa ked washed 
nematodes were hom 1 ZU 1 ites in a 15-ml 
ground-glass ti e grinde! ept in ice Usually about 
95°, of the nematodes were oke Phen 2 digitonin 
or 20 sodium cl t dded, making respective 
final concentrations of - in the homogenate 


and slight additional | ixed in’ the 


Zation I 


surtace-active agent Phe H of the homogenates was 
adjusted to and maintained at about 8.0 with KOH. 
The 


homogenate - were incubated about L hours at 


room temperature 1-24" ind centrifuged 15-30 
minutes at 25 50,000 ¢ Dag The clear greenish 
yellow supernatant solutions were diluted to 6 ml and 
placed in 3-ml 1.0-cm quartz cuvette Po reduce any 
cytochrome pigment ll amount of sodium 
hydrosulfite was added to one cuvette. and an oxidized 
versus-reduced spectr ide from 400 to 625 


my at Il-my intervals QO ih sodium cholate ex 
tract was used for cytochi oxidase assay 

The spectroscopic examination of intact living nema 
todes for cytochromes utilized packed nematodes that 
had been washed with distilled water. About 3 ml 
of nematodes were placed >-ml beaker and ob 
served directly under the pectroscope before and 
after being mixed with a few mg of sodium hydrosul 
fite. The nematode spect: was compared with that 


similarly treated 
Cellulolyvtic 


issaiVe d by 


of a suspension of Baker 


{ssavy systems for hy vi er 


yviries 


(Cx) enzymes and polygalacturonase were 
carboxy 


Hercules 


poly prec tate 


itions of | 
IMP 


sodi itt 


viscometric methods 


methylcellulose ( ellulose 1 Type 


Powder Company nd 


(California Fruit Growers Exchange) in distilled water 


were prepared as substrate ind a small amount of 
toluene was added to inhibit bacterial activity. Ostwald 
Fenske No. 300 viscosity pipettes were supported in 
a constant-temperature bath at 29+0.5 ¢ » ml of 
substrate were added, and 10 minutes was allowed for 
the tubes to come to te mperature equilibrium Phen 
1 ml of nematode homogenate or sucrose solution was 


added to a tube and mixed 1 flow measure 


ment 


time 


was made immediately Vhereafter time-flow 


on each tube were made at 10- or 20 


measurements 
intervals for the rst hour. and 20 
the second hour ko 


each substrate. | ned homogenate. a sec 


minute 


minute 


intervals for each assay and 


pipe tte cor 


ond boiled homogenat: ind third sucrose solution 
Three different homogenates were tested for each of 
the 2 Ditylenchus species, | P e nematodes were 
suficient for only a_ single test The data were 
analyzed according to the formula 

\-B 

\ W LOO fOss In viscosit 
where A initial flow time } flow time after an 
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and \ 


Interval flow time of water. The pH of the 
mixtures after completing the assays varied from 6.2 
to 6.8. 

The mixtures from the Cx -savs after viscometri 


ments were tested with Benedict's solution for 
One ml of the assay 
Benedict's 


minutes in 


neasul 
the presence ol reduc Ing, Proups. 


mixture was mixed with 5 ml of solution 


in a test tube and heated 5 i boiling water 


bath. A change from blue to green or a precipitate of 
copper oxide indicated a positive test. 
Pectinmethylesterase activity was measured after 


(45) \ 0.001LM 


— 


homogenates and 


the method of Smith solution of 


Fig. 1. Enzyme activities of nematods 
extracts. A) Hydrolysis of a 1.2% carboxyvmethyleellulose 
| homogenates of D. triformis, D 


tion py dipsaci, and 


Protein contents were in mg per ml of homogenates 
for D. dipsact, 6.7, and P. zeae, 2.9: D. triformis was not 
measured B) Hexokinase activity in extracts of D. tri 


formis and LD). dipsaci 
dehydrogenase). The assay medium (3.0 


60 «WV tris-HC] buffer at pH 7.5; 100 


(coupled to glucose-6-phosphate 


ml) contained 


uV MeCl.-6H.0: 


100 «MW ATP neutralized with KOH: 8 uW of one of the 
hexoses, glucose, fructose, galactose or mannose; 0.15  M 
IPN: and 0.1 ml of extract or boiled extract The com 
plete medium contained all the above components The 
controls were the complete system lacking hexose, lacking 
ATP or with boiled extract. Controls of the complete 
minus ATP were made for each hexose investigated, Be- 
cause of the large number of values, only the curves for the 
limits of the controls were drawn in this figure The 
D. triformis extract contained 6.9 mg protein per ml, and 
the D. dipsaci extract 3.9 mg of protein per ml. €) Phos 


from D and 
(coupled to glucose-6 phosphate dehydrogenase). 


phoglucomutase activity in extracts 


D. dipsaci 


triformis 


The assay medium (3.0 ml) contained 60 «WV of tris-HCl 
buffer at pH 7.5; 20 «W of MegCl.-6H.0; 8 uM of 
potassium glucose-l-phosphate; 0.15 uW of TPN; 16.6 


uM of cysteine HCI] neutralized with KOH: and 0.1 ml 
of extract or boiled extract. The complete medium con 
tained all the above components, and the controls lacked 
elLUCOSsE l-phosphate or contained boiled extract, The 


D. triformis extract contained 
the D. dipsact extract 3.9 mg 
mutase-enolase activity. of from D. tr 
D. dipsa The ml) contained 66 uM 
potassium phosphate buffer at pH 7.4; 15 «VW MeCl.-6H.O;: 
20 uM }-phosphoglycerate: 0.1) ml 

boiled extract: and 20 «WV sodium fluoride, The 
contained all the components 
fluoride, 


6.6 meg 
per 


protein per ml, and 
mil, D) Phosphoglveceri« 
extracts and 


medium (3.0 


forms 
assay 
potassium extract or 

complete 
except 
which was added as an inhibitor after 


assay medium above 


the sodium 


15-30 minutes of incubation. Controls consisted of the 
complete medium minus potassium 3-phosphoglyecerate and 
the complete medium with boiled extract. The D. dipsaci 
extract contained 5.2 mg protein per ml; protein was not 


measured in the D. 


hvydroge Nast 


E) 


from PD. triformis. 


Lactic ce 
The 


triformis extract. 


activity In an extract 


assay medium (3.0 ml) contained 100 «WV potassium 
phosphate buffer at pH 7.4: 1 #VW sodium pyruvate: 1 4M 
NaCl; 0.2 «WM DPNH; and 0.2 ml extract. The complete 
assay medium contained all the above components: the 
controls lacked sodium pyruvate. The extract contained 


9.0 mg protein per ml. F) Glucose-6-phosphate dehydro 
genase activity in extracts from WL. ¢triformis and PD. 
lipsaci The asasy medium (3.0 ml) contained 10 uV 
glyeylglycine buffer at pH 7.5; 4 «VW potassium glucose-6 


uM MeCl-6H.0: 0.15 VW TPN: and 0.1 


The complete system contained all the 


phosphate; 20 


ml extract. above 


components; the controls lacked potassium glucose-6 
phosphate. The D. triformis extract contained 2.6 mg pro 
tein per ml, and the D. dipsaci extract 5.2 mg per ml. 
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NaOH was used to titrate back to the original color. 
Protease activity was measured by the method of 
Herriot (18 modified as follows: substrate was a 
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solution of 2° hemoglobin in distilled water; color 
density was measured in a photoelectric colorimeter 


at 650 my; and the readings were plotted against a 
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TABLE 1. Pectinmet/ terase activity of homogenates of 
dD. triformis and D lipsa 
Meooof NaOH added to 
neutralize acid formed 
Hour Boiled 
Homogenate Protein I Home homo 0.25.M 
number meg ile enate genate sucrose 
D. triformis 
] 1] bf 2.1 1.0 
2 2 LZud (9 2.0 
, rg 27.6 16.6 29 
1 1 | ) 6 0.2 
dD. dij Se 
l 9 Hi 9] 28.5 6.8 
2 2 i 10 .2 3 
‘Substrate composition per 100 ml distilled water solu 
tion: 0.5 g pectin, 0.2 g phenol, 0.58 g NaCl, and 2.0 ml 
0.1% bromothymol blue t ml of substrate mixed with 
0.6 ml of homogenate, boil homogenate, or 0.25M 
sucrose were adjusted to a blue color with LN NaOH, and 
the tubes then incubated at 30°¢ Tubes were titrated 
to the original color with 0.001M NaOH at the end of the 


incubation period 


tvrosine calibration curve 
}.5-dinitrosali- 
Read- 


a photoelectric colorimeter at 525 


using 


Amylase activity was assaved 


cylic acid to measure the reducing groups ( 1) 
ings were made on 
my and plotted against a maltose calibration curve. 


Hexokinase 


assaved by 


{ssay systems for re spiratory enzymes 
and phosphoglucomutase activities were 
coupling with the glucose-6-phosphate dehydrogenase 
in the nematode extracts and meas- 


reduction ot TPN 


naturally present 


uring the rate of spectrophoto- 


metrically at 340 my (40) This reaction was de- 
pendent upon the formation of glucose-6-phosphate 
from the substrate added. Glucose-6-phosphate de 
hydrogenase (25), 6-phosphogluconic dehydrogenase 
(20), isocitric dehydrogenase (39) and “malic” en 
zyme (37) activities were measured spectrophoto 


rPN 


dehydrogenase 


metrically at 340 mu by the rate of reduction 


Lactic dehydrogenase (24) and mali 
(36) activities were assayed by 
oxidation of DPNH spectrophotometrically at 
Alcohol 
(46), condensing enzyme (38) and 
hydrogenase (22) activities wer 
the rate of DPN 
340 mu. 


the absorption of 


measuring the rate of 
40 mu. 


dehydrogenase (3 dehydrogenase 
y-ketoglutaric de 


issaved by measuring 


olus ose 


reduction spectrophotometrically at 


Enolase activity was assayed by measuring 


phosphoenol pyruvi ac id spectro- 


photometrically at 240 mu as it was formed (5) 


Actually the system involved a coupled reaction neces 


sitating the presence of phosphoglvceric mutase in the 


extracts, since the substrate }- phosphoglyceri acid 


had to be transformed by this latter enzyme to 2- 
phosphoglyceric acid, which is the substrate for eno- 
lase. Fumarase activity was measured spectrophoto 


metrically by the decrease in optical density at 300 mz 
alate (34). 


isured using the reduc 


as fumarate was hydrated to Succinik 


dehydrogenase activity was m¢ 
spec trophotometrik ally 


tion of potassium ferricyanid: 
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reductase and 


at 400 mz (2 DPNH-cytochrome « 
diaphorase (31, 32) activities were respectively meas- 
ured spectrophotometrically by the rate of reduction 
of ferricytochrome c at 550 my and 2.6-dichlorophe- 
nolindophenol at 600 my. Cytochrome oxidase activity 
was measured spectrophotometrically simply by the 
rate of oxidation of ferrocytochrome ¢ 
Dr. H. J. Evans) at 550 my (44). 


systems are presented in the legends to the figures. 


(supplied by 
The enzyme assay 
The colorimetric measurements were made with a 
Fisher Electrophotometer, and the spectrophotometric 


Beckman DI 


error is involved in the spectrophotometri: 


assays with a Spectrophotometer. An 
measure- 
ments of activity against time in the first 15-second 
interval. A period of 8-10 seconds elapsed between 
the mixing of reagents in the cuvettes and the zero-time 
reading, so the 15-second reading is actually based on 
interval although the curves are 


All assays, except those involving 


only a 5 7-second 
drawn to zero time. 


viscosity and pectinmethylesterase measurements, were 


made at room temperature, which varied from 21 to 
nO Nac 

In most cases the data are based on assays of at 
least 3 different homogenates or extracts of any | 
nematode species. With P. zeae, only enough nema- 
todes were available for a single assay. In a few 


cases only 2 assays were made of a particular system. 
Only one assay of cytochrome oxidase was performed, 
for the supply of ferrocytochrome c¢ was limited. The 
data for a given enzyme system were highly consistent 


from 1 assay to another, so only 1 assay for each 


nematode species for each enzyme is illustrated in the 
experimental results. 

Hydrolytic enzymes.—The 
of homogenates of D. tri- 


Experimental results. 
cellulolytic activity 
formis, D. dipsaci, and P. zeae are illustrated in Fig. 
1-A. Homogenates of all 3 nematodes caused a fairly 


(Cx) 


TABLE 2. Proteolytic activity of homogenates ot ID). tritormis 
and D. dipsaci* 


Equivalent in mg of tvrosine 
per ml 
Hours Boiled 
Homogenate Protein incu Homo- homo 0.25M 
number (mg ml) bated genate genate sucrose 
D. triformis 
] 0.5 0.65 0.61 0.15 
2 2 0.66 0.6] 0.24 
, 6 0.42 0.41 0.25 
} 2 0.84 0.67 0.30 
> 2.4 2 0.65 0.63 0.23 
6 1.1 2 0.46 0.44 0.17 
7 14.0 ] 0.75 0.74 0.23 
D. dipsaci 
l 9.0 ] 0.96 0.82 0.22 
2 12.5 l 1.03 0.8 0.28 
} 6.7 ] 0.8: 0.82 0.23 
} 1.7 6 0.51 0.45 0.20 


5.0 ml of aqueous 2% hemoglobin (pH 7.5) was incu- 
bated with 1 ml of the homogenate, boiled homogenate, 
or sucrose solution at 21-25°C. Toluene was added to 
the substrate to inhibit bacterial activity 
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TaBLe 3._-Amylase activity of homogenates of D. triformis and D. dipsaci* 


Protein Hours Starch + 
incubated 


Home genate 
numb =r (mg/ml) 


D. tritermis 


| 0.5 120 
2 -_ } 1.02 
; = l .108 
. 2.4 2 850 
9 1.1 2 640 
D. dipsaci 

l 3.1 2 2 
2 1] 2 


homogenate 


Equivalent mg of maltose formed 


Starch 4 
Starch Homogenate boiled Water 
alone alone homogenate blank 
042 .068 007 
.037 .022 058 008 
038 062 
041 .029 .084 008 
043 .016 058 009 
O72 .007 073 .006 
077 006 078 007 


‘Substrate: 1% soluble starch in 0.02M potassium phosphate buffer at pH 6.9 containing 0.0067M NaCl. One ml 
of substrate was incubated with l-ml aliquots of the other components to make a total volume of 2.0 ml in each tube. 
Dilutions were made with distilled water. Toluene was added to the mixture to inhibit bacterial activity. Incubated at 


21-24" 


rapid decrease in viscosity of carboxymethylcellulose 
solutions. Since the activity values of the enzymes in 
homogenates of the 3 nematodes were so similar, only 
a single curve was drawn to represent these active 
systems. Homogenates of D. triformis and P. zeae 
boiled for 5 minutes showed very slight or no enzyme 
activity; those of D. dipsaci boiled for 5 minutes 
caused about a 40°% loss in viscosity in 2 hours, but 
when boiled 10 minutes cause a loss of about 20% 
in 2 hours. The curves designated “controls” in Fig. 
1-A present the loss in viscosity in pipettes to which 
boiled homogenate was added. The sucrose blanks 
with no homogenates showed very little change in 
viscosity, and are not shown. The pH values of the 
reaction mixtures were around 6.4. 

After viscometric measurements were made of Cx 
activity, 1 ml of the reaction mixture in each tube was 
tested with Benedict’s solution for the presence of re- 
ducing groups. The mixtures with the active ho- 
mogenates gave very strong positive reactions; 
equivalent amounts of homogenates alone gave slight 
positive reactions; the mixtures with boiled ho- 
mogenates gave very faint positive reactions; and the 
sucrose controls without homogenates were negative. 

No hydrolysis of sodium polypectate could be de- 
tected viscometrically with homogenates of D. triformis 
or D. dipsaci. A check with 1 ml of a 100-ppm 
Pectinol-lOOD (Rohm and Haas) solution indicated 
that the added toluene was not affecting hydrolysis of 
the substrate. A very small amount of polygalactu- 
ronase activity appeared to be present in the |] 
homogenate of P. zeae, but its presence remains ques- 
tionable until more positive results are obtained. The 
pH values of the reaction mixtures were around 6.3. 

Pectinmethylesterase activity was present in ho- 
mogenates of both D. triformis and D. dipsaci (Table 
1). Boiling a homogenate 5 minutes reduced the 
amount of hydrolysis of pectin to methanol and poly- 
galacturonic acid but, even with boiled homogenates, 
there was more ester hydrolysis than in the controls, 
where sucrose solution was substituted for homogenate. 


It was often possible to note the difference in pH in 


the tubes after 3 hours of incubation by a color change 
by bromothymol blue from blue to yellow. 

Definite proteolytic activity was not observed in any 
of the homogenates of D. triformis tested: however, 
2 of 4 homogenates of D. dipsaci had activity (Table 
2). Although, in every case, amino acid content was 
lower with boiled homogenates of D. triformis incu- 
bated with hemoglobin solution than with unboiled 
homogenates based on a tyrosine calibration curve, the 
differences fell within the experimental error of the 
method (22). 

Amylase activity was present in homogenates of 
both D. triformis and D. dipsaci (Table 3). Boiling 
the homogenate for 5 minutes destroyed all enzyme 
activity. 

Respiratory enzymes.—1) Enzymes of glycolysis. 
Hexokinase was assayed by coupling with the glucose- 
6-phosphate dehydrogenase endogenous in the extracts. 
Extracts of both D. triformis and D. dipsaci possessed 
very active hexokinases (Fig. 1-B). Only phosphory- 
lation of glucose was tested with extracts of D. dipsaci, 
but glucose, fructose, galactose, and mannose were 
tested with extracts of D. triformis. In the absence of 
one of the above sugars or ATP (adenosine triphos- 
phate) there was slight reduction of TPN. This was 
probably caused by substances in the crude extract 
able to reduce TPN. With boiled extract plus glucose 
and ATP, or glucose plus ATP without extract, there 
was no reduction of TPN. All the controls—complete 
with boiled extract, complete minus ATP, or complete 
minus hexose—fell within the range indicated in Fig. 
1-B. All the hexoses were in equimolar concentration, 
and the descending order of reactivity was glucose, 
fructose, galactose, and mannose. With mannose there 
was a lag of 4-5 minutes at the beginning of the assays 
before the rate of TPN reduction became pronounced. 
There was also a slight lag (about 1 minute) with the 
other 3 sugars. 

Phosphoglucomutase activity of the nematode ex- 
tracts was also assayed by coupling to the glucose-6- 
phosphate dehydrogenase demonstrated in the extracts. 
Phosphoglucomutase activity was present in extracts 


i Nea i, ly 


ae 
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of both D. triformis and D. dipsacit (Fig. 1-C). As densing enzyme activity was present in extracts from 
in the assay for hexokinase. there was a slight reduc- D. triformis and D. dipsaci (Fig. 2-B). This assay 
tion of TPN in the absence of the substrate. glucose-1] system was coupled with malice dehydrogenase. Since 
phosphate. Boiling the extracts for 5 minutes de extracts of both nematodes had very active malic de- 
stroved almost all the ability to reduce TPN Assay hydrogenase activities no purified enzyme was added 
systems lacking substrate or with boiled extract served to the reaction mixture. All the components of the 
as the controls In n of the assays the reaction reaction mixture except acetyl-CoA (acetyl-Coenzyme 
rate as measured by the rate of TPN reduction was \) were mixed and the reaction allowed to come to 
linear for the first 4-5 inutes and then gradually equilibrium (in about 2 minutes). Then acetyl-CoA 
leveled off. In 2 assays which lower concentrations was added to the mixture and the rate of DPN redue- 
of enzymes were added the reaction rates were linear tion measured. The over-all reaction is: 
for 10 and 12 minutes Acetyl-CoA l-malate DPN’ H.O <= citrate 
Phosphoglyceri mutase nolase activity was present CoA DPNH 2H 
in extracts of both D. triformis and D. dipsaci (Fig Only in the complete system was there condensing 
1-D). Boiled extract or absence of the substrate in the enzyme activity. In the absence of l-malate there was 
assay systems prevented any increase in OD (optical no reduction of DPN (control). One assay of a P. 
density). as illustrated in the controls. The addition zeae extract indicated the presence of this enzyme in 
of sodium fluoride to the active system immediately that nematode also. DPN reduction was rapid, and 
stopped formation of pl osphoe nolpyruvis acid as evi usually linear for the first minute or 2 and then leveled 
denced by a leveling off of the curve In most assays 
the reaction rate was linear throughout the test period oo 
of 15-24 minutes. In says with D. dipsact extracts Fig. 2. Enzyme activities of nematode extracts. A) 
there was a slight lag for the first several minutes be 6-phosphogluconic dehydrogenase activity in extracts from 
fore the reaction rates became linear. D. triformis and D. dipsaci. The assay medium (3.0 ml) 
Lactic dehydrogenase activity was present in ex- contained in 10 uwW elyeylglyeine buffer at pH 7.5; 4 uM 
; : sodium 6-phosphogluconate; 20 «VW MeCl.-6H.O; 0.15 uM 
tracts of D. triformis (Fig. 1-E), but activity was [TpN; and 0.1 ml extract. The complete system contained 
only slight in 1 extract and absent in 2 additional all the above components; the control was similar, but 
extracts of D. dipsaci. Sodium malonate (10 uM) in lacked sodium 6-phosphogluconate. The D. triformis ex- 
hibited enzyme activity slig htly ind sodium iodoacetate ater contained 3.3 mg protein tie ml, and the D. dipsac i 
extract 5.2 mg per ml. B) Condensing enzyme activity 
(10 pM) even more, in extracts of D. triformis. In jn extracts from D. triformis and D. dipsacit. The assay 
the control cuvettes lacking pyruvate there was some medium (3.0 ml) contained 150 uW tris-HCl buffer at 
oxidation of DPNH,. but when pyruvate was added the pH 8.0; 20 #M potassium I-malate; 0.6 «M DPN; 0.4 


immediately shifted to a slope parallel 


activity curve 
with the complete system. Because of the low concen- 
trations of enzyme the reaction rates were almost lineal 


over the entire assay period of 6 minutes. 


No alcohol or glucose cle hvdroge nase ac tivities were 


detected in extracts of D. triformis. The assay medium 
in a final volume of 3.3 ml for aleohol dehydrogenase 
contained 300 uM of glycine-NaOH buffer at pH 9.6, 


and 0.1 ml 


glue ose dehydro 


ethanol, 


1 »pM of DPN, 0.1 
The 


ml of 95 


medium for 


of extract. assay 

genase in a final volume of 3.0 ml contained 130 pM 
of potassium phosphate buffer at pH 7.6, 200 pM of 
glucose, 0.15 nM of DPN, and 0.1 ml of extract. 


2) Enzymes of the pentose phosphate shunt path 
way.—Both glucose-6-phosphate (Fig. I-F) and 6- 
phosphogluconic (Fig. 2-A dehydrogenases were 
present in extracts of dD friformis ind D adipsact, 
There was some reduction of TPN in the absence of 
added substrates. as with the hexokinase assay. The 
curves designated controls represent assay systems 
from which the substrates were omitted The rea 


first 4 


ntrations were linear for 


tion rates were always linear for the 6 minutes, 
but with lower enzyme cones 
the entire 12 minutes. When 
added to the control cuvette 


tion the resulting reaction rate 


rf lucose-6 phosphate was 
minutes of incuba- 


itteT 


was more rapid than in 


the cuvette that contained all components at the he- 
ginning of the assay. 
3) Enzymes of the tricarboxvlic acid cyel Con 


The complete 
contro] 


ml extract. 
components; the 


uM acetyl-coenzyme S and 0.1 
contained all the above 
similar, but lacked potassium I-malate. The D. 
triformis extract contained 13.4 mg protein per ml, and 
the D. dipsaci extract 1.7 mg per ml. C€) Isocitric de- 
activity in extracts from D. triformis and 
The medium (3.0 ml) ; 


system 


was 


hydrogenase 


D. dipsaci assay contained 75 


uM glycylglycine buffer at pH 7.4; 0.6 “WM sodium or 
potassium dl-isocitrate; 0.13 «#W TPN or 0.15 «VW DPN: 
1.8 «VM MnCl.-4H.0; and 0.1 ml extract. The complete 
system contained all the above components; the control 
was similar, but lacked dl-isocitrate. The D.  triformis 


extract contained 2.6 mg protein per ml, and the D. dipsaci 
extract 5.2 mg per ml. D) Fumarase activity in an extract 
from D. triformis. The assay medium (3.0 ml) contained 
17 wW sodium fumarate; 92 “WM potassium phosphate 
buffer at pH 7.3; and 0.1 ml extract or boiled extract. 
system contained all the above components; 
the controls were similar, but lacked sodium fumarate or 
contained boiled extract. The protein content of this 
extract was 9.4 mg per ml. E) Malic dehydrogenase 
activity in extracts from D. triformis and D. dipsaci. The 
assay medium (3.0 ml) contained 75 uwW glyeylglycine 
buffer at pH 7.4; 0.76 “4M potassium oxalacetate; 0.15 
uM DPNH; and 0.1 ml 1:10 distilled-water-diluted extract. 
The complete system contained all the above components; 
the control similar, but lacked potassium oxalacetate 
The D. extract contained 13.4 mg_ protein. per 
ml, and the D. dipsaci extract 12.5 mg per ml. F) “Malic” 
enzyme activity in extracts from D. triformis and D. dipsaci. 
The assay medium (3.0 ml) contained 75 uM glyeylelycine 


buffer at pH 7.4: 15 «MV l-malate; 0.14 uM 


The comple le 


Was 


triformis 


potassium 


TPN; 3 «MVM MnCl.-4H.0; and 0.1 ml extract. The com- 
plete system contained all the above components; the 
control was similar, but lacked potassium Il-malate. The 
D. triformis extract contained 6.6 mg protein per ml, and 


extract 5.2 meg per ml 


the dD. dipsaci 
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off. With a dilute extract, activity was linear for 6 reduction in the absence of added substrate, as seen 
in the control curves. However, when iso itrate was 
added to the control cuvette, activity paralleled that 


in the complete system. When DPN was substituted 


minutes. 
Is<ocitric dehydrogenase activity was present in e€x- 


tracts of both D. triformis and D. dipsaci (Fig. 2-C). 






































In all the assays the rate of TPN reduction was linear for TPN there was no activity in any combination 
for the 3-minute assay period. There was slight TPN (Fig. 2-C) 
= 
4 r et — —— _ ‘: a 
oe Mv - 4 
sn ; 
. 
A “ 
. 
4 > 
= ee ive 
— a a W) 
ee a J 
we oa 
— uw 
> 4 O 
1 -~ i i 5 6 
4 € Rg 2 1¢] 2 3 a — 
. TIME IN MINUTES 
ME IN MIN 
0 
= ° ONTROL 
- i T T T T T - 
> © 50 - 4 
. ee PD TRIFORM , 
e < 


3 
| 
he 
; 
cm 
A. 











A. r 4. 4. A. wih 
30 60 90 120 150 180 
TIME IN SECONDS 




















TIME IN MINUTES 
r b -_ TRIF RM 
7 ae * 

gee sae a: Sueeen jest F | 
= — A ? 
x O 4 
= 4( 4 
q : 
x - 
> 2 a 
2 iC 4 





























30 60 90 20 150 iso 
TIME IN SECONDS 











18 PHYTOPATHOLOGY 


of D. 


made it 


was present in extracts 
Lack of 


dipsaci extracts for this en- 
a decrease in OD at 


Fumarase activity 
(Fig. 2-D) 
impossible to < heck D 


triformis nematodes 


zyme. In this reaction there is 
300 mp as the fumarate is transformed to malate. In 
the control cuvette there was no activity until fumarate 
was added, and then the curve paralleled that of the 


complete system Boiled extract lacked enzyme 
activity. 
Mali dehydrogen ise was the most active enzyme 


found in the extracts of D. triformis and D. dipsaci 
(Fig. 2-E). In 


to dilute the extracts | 


every case it Was necessary 
10 with distilled water to be 
able to measure the rate of DPNH oxidation. In the 
was no oxidation of DPNH, 


to the control cuvette 


almost 


absence of substrate there 


but when substrate was added 


after some seconds incubation, a sharp bend occurred 


in the curve and DPNH oxidation proceeded at a 


rate parallel to that of the complete system. From a 


single assay it was found that an extract of P. zeae 
also contined this enzyme It was noted that sodium 
fumarate (17 uM), sodium malonate (10 uM) and 


sodium iodoacetate (10 ~W) inhibited malic dehydro- 


genase activity only slightly in extracts of D. triformis, 


and sodium fumarate (85 uM) also produced only 
slight inhibition of this enzyme in extracts of D. 
dipsact. 

“Malic” enzyme activity was present in extracts of 


(Fig. 2-F). In the 
reduction 


both D. triformis and D dipsact 


absence of substrate there was little or no 


of TPN. 


the assay periods ot 3 minutes 


usually linear for 
Addition of malate to 


increased the rate of 


The activity curves were 


the control cuvette immediately 
TPN 

With potassium ferricyanide as the electron acceptor 
it was not possible to obtain clear-cut evidence of the 


reduction. 


presence of succinic dehydrogenase activity in extracts 


of D. 
There appeared to be activity in a few extracts, but in 


triformis or D. dipsaci spectrophotometrically. 


others the ferricyanide was reduced as rapidly in the 


absence of succinate as in its presence The assay 
system in a total volume of 3.0 ml contained 30 »M 
of KCN, 3 uM of potassium ferricyanide, 40 uM of 
sodium succinate, 300 WM of potassium phosphate 
buffer at pH 7.2, and 0.1—0.2 ml of extract. In addi- 


tion, q-ketoglutaric dehydrogenase activity was not 
detected in extracts of either nematode The assay 
system in a total volume of 3.0 ml contained 0.13 uM 
of Coenzyn \. 100 pW oof potassium phosphate buffer 


at pH 7.4, 0.27 uM of DPN, 8.3 uM of cysteine neu- 
tralized with KOH, 25 wV of potassium z-ketoglutarate 
and 0.1-0.2 ml of nematode extract 

Electron transport systems.—Diaphorase activity, o1 
the transfer of electrons from DPNH to 2.6-dichloro- 
phenolindophenol, was found in extracts of both 
species of Ditylenchus (Fig. 3-A In the controls 
there was some reduction of the dye by the extracts in 
the absence of DPNH, indicating the presence of re- 
ducing substances in the extracts. A similar amount 


‘ 


of chemical reduction of the d oc 


irred in the com 
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plete system lacking extract. Boiled extract caused 
slightly more rapid dye reduction than either the com- 
plete system minus DPNH or the complete system 
minus extract, but was far below the rate of reduction 
of the complete system with unboiled extracts. The 
control cuvettes containing extracts of D. dipsaci had 
much lower rates of dye reduction than those con- 
taining extracts of D. triformis, making more striking 
the difference between the complete and the control 
When extracts of D. triformis were dialyzed 


However. in 


curves. 
and tested, enzyme activity was reduced. 
one extract there was complete dependence on the 
presence of DPNH to obtain reduction of the dye. 
DPNH-cytochrome c reductase activity was present 
in extracts of D. triformis and D. dipsaci (Fig. 3-B). 
{ DPNH 
reduction 
tracts had been dialyzed 16-18 hours, and then the 
{ complicating factor in the 
mixtures ap- 


ferricytochrome c¢ 
the ex- 


stimulus of the rate of 


could be demonstrated only when 
stimulus was not great. 


assays was a turbidity in the reaction 
parently due to a complex formed between the protein 
of the extracts and the ferricytochrome c. The pres- 
ence or absence of DPNH did not appear to affect the 
amount of turbidity. The control curves are designated 
“minus DPNH” and “minus extract” in Fig. 3-B. 
Cytochrome oxidase activity was observed in a 
sodium cholate extract of homogenized specimens of 
D. triformis (Fig. 3-C). Quantities of D. dipsaci were 
insufficient to test for this enzyme or other cytochromes 
described below. The oxidation of ferrocytochrome ce 
gave a linear relationship with 0.01 ml of extract, and 
The rate of 
times as 


There 


a slight curve with 0.03 ml of extract. 


ferrocytochrome ec oxidation was about 3 
great with 0.03 ml of extract as with 0.01 ml. 
ferrocytochrome c 
boiled for 10 


minutes was unable to oxidize the pigment. 
digitonin 


was no chemical oxidation of the 
in the absence of extract, and extract 
made on and 


(bsorption were 


sodium cholate extracts of D. triformis. 


spectra 
Considerable 
diffeulty was experienced as extracts beceme turbid 
following the addition of excess sodium hydrosulfite, 


even though pH was 8.0 or above. This turbidity 
ilso increased with time, making the readings meaning- 
less. Digitonin extracts became more turbid than 


cholate extracts. The absorption spectrum illustrated 


in Fig. 3-D was obtained from a sodium cholate ex- 


tract to which only a mg or 2 of sodium hydrosulfite 
added. Although a 


peared on addition of the sodium hydrosulfite, periodic 


had been faint turbidity ap- 
examination of the cuvette during the readings revealed 
that the The 
absorption spectrum has a fairly sharp peak for the 
126-430 my, and 


less distinct peak around 550 my. 


turbidity did not increase with time. 
a mue h broader. 
The Soret 


in all the extracts, and the 


Soret bands around 


bands 


were consistently distinet 


band at 550 my was always broad. From this curve 


it may be seen that cytochromes b and ¢ were present 


in the extracts. No peak was seen for cytochrome 


oxidase (cytochrome a -- a.) at 605 mu. 


Spectroscopic examination of massed, intact speci- 


mens of D. triformis also revealed the presence of 
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evtochrome pigments. A _ fairly strong absorption 
hand was observed in the region of 546-554 my, indi- 
eating the band of cytochrome c. There seemed to 
be 2 fainter bands on either side of the strong band at 
550 mu, which might have corresponded with the 


a-band of cytochrome b and the 8 bands of cyto- 
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Fig. 3. Components of electron transport systems in 
ne extracts. A) Diaphorase activity in extracts 
ft li. triformis and D, dipsaci. The assay system 
ntained 60 «WM tris-HCl buffer at pH 7.5; 0.12 
ull sodium 2,6-dichlorophenolindophenol; 0.6 «M 
DPNH: 10 «M KCN; and 0.1 ml extract, dialyzed extract, 
or | tract. The complete system contained all the 
above onents using extract or dialyzed extract; the 
were similar, but lacked DPNH or contained 
be xtract. Only the curves for the limits of the 
ire shown. The D. triformis extract contained 
6. » protein per ml, and the D. dipsaci extract 5.2 mg 
B) DPNH-cytochrome c reductase activity in 
extracts from D. triformis and D. dipsacit. The assay 
mediu (3.0 ml) contained 60 uV glyeylglycine buffer at 
pH - 0.1 ml aqueous 1% ferricytochrome c: 0.6 uM 
| I 
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absorption band was observed in the region of 600-610 
my, indicating cytochrome a -+- a,. Addition of 
sodium hydrosulfite to the massed nematodes increased 
the density of the absorption bands only slightly. Ex- 
amination of a Baker’s yeast suspension reduced with 
sodium hydrosulfite revealed strong absorption bands 
at the same wave lengths as seen for the nematodes. 














.e) 
20 
40 
60 
80 
100 
i A A A A. ’= 
1¢) 30 60 90 120 150 180 
TIME IN SECONDS 
ra ¥ 
/ \ 
/_ 








DPNH: 10 «VM KCN: and 0.1 ml dialyzed extract. The 
complete system contained all the above components; the 
controls were similar, but lacked DPNH or lacked enzyme. 
The D. triformis extract contained 3.2 mg protein per ml, 
and the D. dipsaci extract 6.3 mg per ml. C) Cytochrome 
oxidase activity in a sodium cholate extract of D. triformis. 


The assay medium (3.0 ml) contained 140 uM tris-HCl 
buffer at pH 8.5; 1.2 gamma of reduced cytochrome c; and 
extract or boiled extract. The complete system contained 


all the above components; the controls lacked extract or 
contained boiled extract. D) Absorption spectrum of a 
sodium cholate extract from D. triformis specimens. Dif 
ference in OD between reduced and oxidized extracts. A 
quantity of 130 was added to all the OD readings in order 
to make them positive. 
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Discussion. —\ toc 0 enates and extracts 
were tested for the t tie of 24 enzymes 19 oft 
which were detected i ictivitv levels of the dif- 
ferent enzyme i ti relative ease with which 
activity was demonstrated illustrate the feasibility 
of studying the p =10 f plant-parasitic nematodes 
by the tech epuue f 

The finding of cell enzymes in Ditylenchus 
species confirms | ] mad 1) Ira (48). 


As he probably help the 


nematodes penett 


surmised, these enzyme 


ell walls and may explain 


why small nematode VWeloidogyne larvae. are 
able to penetrate plant parts so easily. Demonstration 
of such enzymes in Ditylenchus spp. and the one assay 
with an extract of Prat nchus ede specimens sug 
gests that Cx enzymes may be fairly common in plant- 
parasitic species: howe further investigations of 
this are needed Maxi Cx activity mav not have 
heen obtained in thes idies, since the pH ot the 
reaction mixture ive! ed about 6.6 and more acid 
pH values have been reported as optimum for activity 
of these enzymes from many organisms (43 


The presence of pectinmethylesterase in these nema 


tode interest since it is reported to be 


species Is ol 


quite specific for the methyl ester of polygalacturoni 
acid (23). This enzyme has been found in many 
plants and microbes. but tl s the first re port of Its 


presence in nematodes 


Polygalacturonase activit was not found In any 
of the nematode extracts, except for possible slight 
activity in the one extract of P. z specimens 
Tracey (48) re ported slight polygalacturonase activity 
in one dialyzed extract of D psacl specimens out of 
several extracts tested It | been suggested (13) 


Ditvli 


secrete into plant tissues pectic enzymes that are re 


that plant parasitic nematodes ot nchus 


Species 
| 


sponsible for the separation of cells in the infected 


plant part. On the basis of the studies reported here 
it does not appear that t enzyme Is present in the 


nematodes, but the ner ito may interfere with plant 


metabolism in a way by ing the release of poly 


galacturonase by the plant itself. creating breakdown 


of cohesiveness between cell It is also possible that 
polygalacturonase is present in the nematodes, but for 
some reason, perhap too high a pH Was Inactive 
in the homogenates The optimum pH _ for activity 
of this enzyme from ma organisms is lower than 
the pH used in these studies. which was about 6.3 
(10). 

Enzymes such as amylase and protease would bi 
expected to be, and undoubtedly are, present in all 


Activity was 
both 


demonstrate 


plant-parasitic nen Amylase 


definitely ext! specimens oft 


Ditylenchus 


protease 


present mn 
species The ibility to 
activity consistent! these nematodes may 


a pH effect: an acid 


reported to produce optin 


be partially reaction has been 


} vdrolvsis ot prote in by 


animal-parasitic nematodes (12, 47) The pH of the 
2%, hemoglobin used in the present studies was 7.5. 


which mav have been too alkaline 


Hexokinase activity seer high in ex 


Vol. 50 


both the Ditylenchus investigated. 


Very high hexokinase activity was found in the animal 


tracts of 


spec les 
parasite Schistosoma 
that 3 different 
the present studies it appears that D. triformis has at 


mansoni, and it was suggested 
) 
>, 


hexokinases were involved (8). In 


least 2 hexose kinases, and perhaps more. since glu- 
cose, fructose. galactose. and mannose were utilized 
in the issay used { 5). 


Positive lactic dehydrogenase activity was found in 


extracts of D. activity Was 
Since dD. tri- 


formis specimens contained this enzyme. it is probably 


triformis specimens. but 


only slight in 1 extract of D. dipsact. 
Because of the necessity 


latter 


present in D. dipsaci also. 


of collecting nematodes of the species over a 


period of several days to obtain sufficient quantities for 


preparation of extracts and dilution of the extracts, 


enzyme activity may have been too low to be measured. 


\ctivity of condensing enzyme isocitrie dehvdro- 


genase, fumarase. and malic dehydrogenase suggests 


that at least a partial tricarboxylie acid evele is opera- 
\ctivitv of q-ketoglutaric 
extracts of D. tri- 


formis, and it is possible that a mechanism bypassing 


tive in these nematodes, 


dehydrogenase was not found in 
oxalosuccinate, q-ketoglutarate. and succinyl-Coenzvme 
\ is operative. such as that studied in bacteria (49). 
However. the presence of an active lsocitric dehydro- 


genase in extracts of specimens of both D. triformis 
and PD. dipsaci indicates that the regular tricarboxylic 
acid cycle is operative. The bypass system demon- 
strated in bacteria combines isocitrate with acetvl-CoA, 
which results in the formation of suecinate and malate. 

Failure to demonstrate activity of several enzymes. 
such as aleohol dehydrogenase. glucose dehydrogenase. 
succinic dehydrogenase, and q-ketoglutaric dehydro- 
genase, in nematode extracts does not prove that these 
a-ketoglutaric 


labile enzyme. and activity 


enzymes were absent. dehydrogenase is 


a fairly might have been 


lost during preparation of the extracts. The assay 


system for succini 
terfered 


tracts that 


dehydrogenase was probably in- 
substances 
reduced the 


activity. 


with by present in the crude ex- 


ferricvanide or decreased en- 


There are in crude extracts 
that 


for particular enzymes. 


Z7ZVime many 


unknown factors may interfere with the assavs 
least in D. tri- 
proceed through the conventional cyto- 
The presence of DPNH-cytochrome « 
reductase, in D. dipsaci extracts as well as in D. tri- 
illustrates that both 


transfer electrons 


The terminal oxidation system. at 


formis, may 


chrome system. 


have 
DPNH to 


It is interesting to compare results 


formis extracts. nematodes 


the ability to from 
ferricvtochrome ec. 
D. triformis with those of other 


The 


all active in the 


of extracts of 
todes studied. 
slightly if at 


hema- 


evtochrome svstem was very 
terminal oxidation sys- 
(iz). ‘yte- 


homogenates 


tems of 3 animal-parasitic nematodes 


chrome oxidase activity was present. in 


of Hymenolepis diminuta Rudolphi (8). Cytochromes 
a, b. and c were observed spectroscopl illy in whole 
massed larvae. and cytochrome oxidase and succinate- 
eyvtochrome c¢ reductase spectrophotometrically in  lar- 


Manometric 


val extracts of Trichinella spiralis (17). 
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evidence of cvtochrome oxidase and spec troscopic evi- 
dence of cytochrome pigments were obtained in the 
free-living nematode Panagrellus silusiae (9). Ex- 
tracts of D. triformis contained cytochrome pigments 
DPNH-cytochrome ce 


Components of the classical cyto- 


and cytochrome oxidase and 
reductase activities, 
chrome system appear absent in several nematodes, 
and the probable presence of this system in all nema- 
todes cannot be assumed. 


Although all the enzymes in the various pathways 
were not demonstrated to be present in the nematode 
extracts prepared, a broad picture of over-all metabo- 
lism may be seen. The Embden-Meyerhof pathway of 
glycolysis, the pentose monophosphate shunt, and the 
tricarboxylic acid cycle all appear to be present. Com- 
ponents of the terminal oxidation system involving the 
cytochromes were also found. The nematodes studied 
here apparently have all the respiratory systems pres- 
ent in other animals. 


Even though plant-parasitic nematodes are con- 
sidered obligate parasites, their metabolism does not 
seem to differ radicaliy from that of non-parasitic 
organisms, on the basis of evidence thus far obtained. 
However, their metabolism must be different in one or 
more specific phases if our present concept of the 
specialized nature of obligate parasitism is correct. 
By studying nematode physiology, information may be 
gained that would aid in developing a medium capable 
of supporting their growth in vitro. Several free-living 
and animal-parasitic nematodes have been cultured on 
If plant- 


parasitic nematodes could be propagated in vitro, an 


non-living media, but no plant parasites. 


entirely new held would be opened for physiologic al 
studies. North Carolina State College, Raleigh, N. C. 
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SUMMARY 

In a study of the effects of corn, wheat, oats, 
sovbeans, alfalfa, and their residues on soil fungi, 
it was found that certain fungi were affected dif- 
ferently by these crops regardless of whether the 
thei 
fungi were not 


growing plants or residues were used as 
treatments. Other 
affected by the different crops but were affected 
differently by growing plants than by their residues, 
Wheat seedling blight (primarily caused by Gib- 


} 


herella roseum t. cerealis 


significantly 


was decreased most by 
residue treatments, and the 
dependent upon whether the growing plant or restl- 
Alfalfa seedling blight (primarily 
Trow.) was. signifi- 


effect of a crop was 


due was used. 
caused by Pythium ultimun 
cantly affected by different 
whether the growing plant or residue was used 


crops re gardless ot 





Introduction.— Until recently. studies in the ecology 


of soil fungi have consisted mainly of floristic sur- 


veys in which the fungal populations of large areas 


characterized by a_ limited number of 


This has 


have been 


given considerable information 


samples. 


Williams and A. F. 


Schmitthenner 


about the types of fungi indigenous to soil; but, if 
soil fungi are to be used for biological control, addi- 
tional information is essential on their distributions in 
a variety of agricultural soils within a limited geo- 
graphical area. Soil-borne pathogens are a part of 
the soil fungal population and are subject to change 
when other components of the population are affected. 
populations can be 


There is evidence that fungal 


altered by changes in available nutrients such as 
occur with crop rotation and accompanying plow-down 
of crop residues. 

The effect of crops on soil fungi was studied in 
Ohio by Kommedahl and Brock (4), who found that 
more fungi in 39-year con- 


similarly 


there were significantly 


tinuously cropped oat soil than in soils 


cropped to wheat or corn. Herr (3), in studying the 
same plots, found qualitative as well as quantitative 
differences in the soil fungi. Menon and Williams 
(5) also found qualitative differences in soil fungi 
between soils with different cropping histories. 

This study was initiated to determine the changes 
brought about in the soil fungal population by certain 
field crops and their residues. 

Materials and Methods.—Toledo silty clay was col- 


lected in from corn. wheat. oat. 


soybean, and alfalfa plots. 


equal quantities 
The separate samples were 
thoroughly mixed with each other and placed in 1-gal 


glazed clay crocks. Three crop treatments were used: 
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Tape 1.-The effects of crop and crop component on the 
incidence of P. purpurogenum series 


Crop 
Soy- 


Crop 
Corn Wheat Oats beans Alfalfa Mean 


Component 


Growing crop 6.i* 15.2 2: 1.4 0.0 5.0 
Residue 5.6 a3 3.0 3.4 0.0 28 
Growing crop 
residue 9.0 15.2 1.0 1.3 5.6 
Mean 6.9 10.8 eS 0.4 


Interaction LSD (0.05) = 3.8; (0.10) 
Compone nt LSD (0.05) — 2.5: (0.10) — 2. 
Crop ] SID) (0.05) = 2.4: (0.10) + 2.0 


NMnee 
pet Des DH 


"Mean are sine percentages based on 10-plate totals 
converted using the inverse hyperbolic sine transformation. 


the growing crop alone, the residue of the crop, and 
the combination of the growing crop with its residue. 
The crops were planted in excess and thinned to 1 
corn. 3 soybean, or 6 wheat, oat, or alfalfa plants per 
crock. The residues, finely chopped dried mature 
plant stems and leaves, were mixed at the rate of 
8 g per 9 Ib. of soil (roughly equivalent to 2 tons 
per acre). Eight replicates were used in a randomized 
block design in the greenhouse. After 3 months all 
plants were removed and soil was taken from each 
crock for fungal analysis. 

The techniques used to sample soil, prepare soil 
plates, and analyze the soil fungus data have been 
discussed by Schmitthenner and Williams (7). In 
brief they are as follows. The soil was sampled by 
taking 8 cores from each pot with a soil sampler. The 
cores from each pot were pulverized and thoroughly 
mixed. then a 250-mg subsample was suspended in 
50 ml of 1 per cent carboxy-methyl cellulose (120 high- 
viscosity). A further 1:50 dilution was made in 
CMC, and 1|-ml aliquots of this suspension were mixed 
in Petri plates with 10 ml of warm OAES medium, 
the ingredients of which were 20 g purified agar, 5 g 
glucose. 2 g yeast extract, 1 g sodium nitrate, 0.5 g 
magnesium sulfate, 1 g potassium phosphate (mono- 
basic), 50 mg streptomycin sulfate, 50 mg Chloromy- 
cetin (chloramphenicol), 1 g oxbile, and 1 g sodium 
propionate per liter. 

The plates were incubated for 5 days at 25°C and 
the fungal colonies on the incubated plates were 
marked and identified as soon as sporulation occurred. 
The fungi were identified to genus, except in the case 
of the Aspergilli and the Penicillia, which were 
identified to the groups or series as described by 
Thom and Raper (6. 8). Most of the genera and 
species isolated in this study have already been re- 
ported from Ohio soils by Williams and Schmitthenner 
(9). The data are summarized as the percentage of 
the fungi appearing on 10-plates converted using the 
inverse hyperbolic sine transformation for each genus 
and species group (1, 2, 7). 

\fter the soil samples were removed for fungal 
analysis, 25 Seneca wheat and 50 Ranger alfalfa 
seeds were planted in each crock to determine the 
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TaBLe 2.—The effect of crop and crop component on the 
incidence of the genus Sphaeronema 


Crop 
Crop 
Component Corn Wheat Oats Soybeans Alfalfa 
Growing crop 0.0" 3.1 2.9 0.0 4.5 
Residue 6.4 1.2 0.0 2.7 14 
Growing crop 
+ residue 0.0 0.0 4.0 0.0 0.0 


Interaction LSD (0.05) — 4.0: (0.10) = 3.3 
Main effects were not significant. 


“Mean are sine percentages based on 10-plate totals 
converted using the inverse hyperbolic sine transformation. 


disease potential. After 3 weeks the surviving plants 
were carefully washed free of soil and examined for 
disease symptoms. The data for each assay crop 
were expressed as the percentage disease of the total 
number of each seed planted in each crock. 

Experimental results.—-The 3 treatments (the 
growing crop, the residue, and the growing crop plus 
its residue) are considered as different components 
of a cropping system and are referred to herein as 
“crop components.” The incidence of each genus and 
species group of fungi was analyzed as a 2-way 
factorial analysis of variance so that the crop * crop 
component interaction could be studied. With only 
2 fungus groups was the interaction significant. The 
interaction means for Penicillium purpurogenum 
series are found in Table 1, and those for Sphaeronema 
spp. in Table 2. 

P. purpurogenum was very abundant in the presence 


TaBLe 3.—Soil fungus groups that were affected by crop 
components 
Crop Component 


Growing 
Growing Resi- crop + LSD LSD 


Fungus crop due residue 0.05 0.10 
Coniothyrium spp. 4.8" 3.7 2.0 2.0 
Fusarium episphaeria 2.6 1.4 5.2 2.0 
Fusarium moniliforme 0.6 1.5 0.0 10 
Oospora spp. 0.0 0.8 & 0.6 
Penicillium commune 

series 1.0 8.3 05 2.2 18 
Penicillium de- 

cumbens series 99 8.8 7.0 1.6 
Penicillium funicu- 

losum series 12.7 14.7 14.9 my 
Penicillium luteum 

series 05 19 0.3 1.3 10 
Penicillium oxalicum 

series 0.3 08 0.0 0.6 
Penicillium ramigena 

series io 3.8 3.0 19 0.6 
Penicillium rugulosum 

series a 10.8 7.9 2.0 1.6 
Stephanoma spp. 0.3 2.6 &, 1.7 1.4 
Stysanus spp. 3.4 3.8 1.6 1.7 


*Mean arc sine percentages based on 10-plate totals 
converted using the inverse hyperbolic sine transformation. 
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TABLE 1. Soil funsg gr fhat were affected Ov growin crops 
Crop 

LSD LSD 
Fungus Corn Wheat Oats Soybeans Alfalfa 0.05 0.10 
fhsidia spp ) 2.2 0.4 0.8 0.0 2.1 ez 
{spergillus clavat croul 2.3 6.8 0.6 1.4 20 26 2.1 
{spergillus flavipes grou 2 7.5 0.2 7.4 12.5 3.1 rH 
{spergillus fumigat ore 29 3 1.4 5 5.9 p A 1.9 
{spergillus or hra é or | ) | 5 } 12 Q7 ,0 25 
Cephalosporium spy 6.4 28 10.6 6.4 8.9 1 26 
Cladosporium sp Li 1.4 $2 9.9 9.8 2.6 2.1 
VU yrothecium sp 6.9 2.0 6.3 6.8 6.6 y es 2.1 
Penicillium oxa m serie 0.0 1] 0.7 0.0 0.0 08 
Rhizopus spp 9] 14.0 2 10.2 9.6 2.8 2.4 
Trichoderma Spy Lo 12.3 11.8 11.0 7.4 2.8 

* Mean arc sine percent ised on 10-plate totals converted using the inverse hyperbolic sine transformation 

of growing wheat plant it very infrequent in the  Stemphylium spp., Stigmella spp., Thielaviopsis spp.., 
wheat residue treatment his fungus was also rela and Trichurus spp. were occasionally isolated. 
tively abundant in all corn treatments. Corn residue The effect of the different crops and their com- 


most, whereas 


int ivorable t flect. 


increased the incidence of Sphaeronema 


the growing corn plant had an 


The fungi affected | crop component (regard 


less of crop used) are ted in Table 3. The fungi 
affected by the crop (regardless of which component 
was used) are listed it ble 4 Of the 13 fungi 
affected by crop comps the majority were most 
abundant after the residue or crop residue treat 
ment The Penicillia were predominant in this re 
spect. Of the 11 fung flected differently by the 


the predominant genus 
affected the 


irdless of whether the 


different crops. {spre 
It is evident that the diff 
Table | d CC orant reg 


crop or its 


rops fungi 
listed in 
growing s used 

Many other fur ind identified 
study, but were not signif ntly affected by anv of the 
treatments lusar spt } rvsporum. fF oseum. 
F. solani, Nigrosy spy Per im spp. P. fre 


residue W 


in this 


vere isolated 


quentans series, P inthir m series. unidentified 
Phyvcomveetes Vert Dy ind easts were 
abundantly isolated {/ter? spp {rthrobotrvs 
spp.. Aspergillus spy / s group, A. nige 
group, A. versic ero { ntii group. Botrytis 
spp.. Chaetomiur Sp] J set | ter 
Gliocladium roseum, P scens series. P Laur 
series. P. lilacinur series. P) spp Phy — 
spp.. and Stachy (rvs sp] were commo! isolated: 
and Actinomucor 4 s oroul { glaucus 
group, A. nidulans grou f stus group. Beauveri 
spp.. Chaetome spp... ¢ y pp.. ¢ etot hun 
spp.. Contospor r? spt f “pp } / 


Fusidium spy ( f / spy Gliomastix 
p.. Haplo 
Humicola 


F. nivale, 


spp.. 


Gonvtrichi an < y iJ I } ra sp 


sporangium spp.. H nt} spp 

spp.. Isaria spp Lept spp “Mo series” 
(unidentified group of mon iceous fungi Von 
spp. “P Il series” nspor iting pink form Pr 


Po series, P. lividur 
P. nigricans series. P ’ series 


Phialophora spp pP Pyrey } 


sel ie Ss. 


albicans 


Sarcine lla 


spp ‘ “pp SI ot ; y Spy 


ponents on certain soil-borne pathogens were assayed 
The data for 
wheat seedling blight. primarily caused by Gibberella 
the 


summarized in 


by means of the seedling blight tests. 


Snyder and 
Table 5. 
There was least wheat seedling blight following the 
The effective 
treatments were oat or wheat residue and the oat crop 
Most seedling blight occurred after 
The 
(typical of field crop- 


roseum f. cereatlis (according to 


Hansen classification). are 


soybean residue treatment. next most 


plus its residue. 
wheat. alfalfa, or oat crops without their residues. 
residue treatment 


one ¢ rop 


ping procedure) that was most effective in reducing 


wheat seedling blight was oats. 

The effect of the crop on alfalfa seedling blight 
(primarily caused by Pythium ultimum Trow.) was 
the same regardless of the component used. In the 
case of the corn treatments there was 47.4 per cent 
disease, wheat 53.3, oat 54.1. sovbeans 44.7, and 
alfalfa 64.6. There were no significant interactions 
ind the treatment LSD (0.05) was 7.6. 


Discussion..-_Undoubtedly. the major factor — af- 


fungi is the amount and 


The 


fecting soil-borne tvpe of 


available. 


nutrients fungi are dependent = on 
organic nutrients that are almost wholly supplied by 
ABLE 5.— Percentage of wheat seedling blight following 
various crop and reé sidue treatments 
Crop 
Crop Soy \| 
Component Corn Wheat Oats beans falfa Mean 
(,rowing 
crop 62.1 75.0 68.8 62.5 71.9 68.0 
Residue 79.0 50.9 53.6 10.7 64.1 53.6 
(,rowing 
crop 
residue 65 } 68.9 19.3 4 l Hb. ; 61 5 
Mean 62.1 64.9 ore 4 53.4 67.5 
Component LSD (0.05) 4.3: (0.10) 3.5 
Interaction LSD (0.05) 8.6: (0.10) 6.7 
Crop LSD (0.05) $8: (0.10) 4.0 
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autotrophic higher plants growing in the soil. These 
nutrients consist of root exudates, sloughed-off portions 
of growing roots, or plant residues consisting of de- 
composing roots or aboveground portions of plants 
turned under. It is of vital importance to know if 


one portion of the crop is more important than 
another in the ecology of soil-borne pathogens and 
saprophyt .. 

In a preliminary experiment Menon and Williams 
(5) found differences in fungi in soils cropped to 
corn and oats or soils treated with their residues. They 
found greater differences between the growing plant 
treatments than between the residue treatments. In 
this study. the effect of crops and their residues as 
well as the interactions of crop and residue were de- 


termined. 


With 4 series of the genus Penicillium there was a 
significant effect of crop residue regardless of the crop 
source. This same trend was observed with other 
genera. In the case of other fungi, particularly the 
{spergillus groups. crops exerted significant and dif 
ferent effects. regardless of the component tested. 

With the Peneillia, where the residue alone gave 
the greatest differences, it might be hypothesized that 
the change is brought about predominantly by the 
quantity rather than the nature of organic matter. 
With the Aspergilli. on the other hand. where the 
effect of the residue was the same as that of the 
growing crops but where there were differences be 
tween crops. the nature of the organic matter is 
probably of primary importance. With the group of 
fungi in Table 1. the residue treatment resulted in 
the most differences. and with the group in Table 2. 
the residue was as effective as the crop or combination 
of crop plus residue. Therefore. it is concluded that 
the crop residue is the most significant aspect of a 
cropping system. 

In general, the crop residue treatments were more 
effective in reducing wheat seedling blight than the 
crop or crop crop residue treatments: also, oat or 
sovbean crops were the best to precede wheat. provided 
their residues were plowed down. Soybeans also 
resulted in less seedling blight of alfalfa. 

Crop treatment effects on wheat seedling blight were 
more similar to the crop residue treatments in the 
case of wheat and sovbeans. and residue treatments 
were more similar to the crop residue treatments in 
the case of oats and alfalfa. Thus. crop has the 
greatest effect with the former, and residue the great- 
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est effect with the latter. There were no differences 
between the 3 corn treatments. 

Wheat seedling blight was best correlated with the 
fungi listed in Table 3, which contains several Peni- 
cillia known to be good antagonists. On the other 
hand, alfalfa seedling blight. which was affected by 
the crops rather than the components, appears to be 
correlated with the fungi in Table 4, but all known 
antagonists, with the exception of Trichoderma species, 
were abundant in alfalfa soil where alfalfa seedling 
blight was highest (L. E. Williams, unpublished data). 

It was apparent from this as well as preliminary 
field studies (10) that the effect of a crop on the 
incidence of soil-borne pathogens and associated fungi 
in a subsequent crop is complex and dependent on the 
management of residues. It might be concluded that 
no one crop or component would be likely to build up 
all desirable soil fungi and decrease all soil-borne 
pathogens._Department of Botany and Plant Patholo- 
gy. Ohio Agricultural Experiment Station. Wooster. 
Ohio. 
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Tobacco plants grown in liquid nutrient solutions 
low in boron showed characteristic deficiency symp- 


toms and ceased growth at various times after 
transplanting, depending on the level of boron 
supplied. Virus assays with expressed saps o1 
extracts from dried tissue samples showed lower 
TMV concentrations in deficient plants for 1-2 


After longer periods 
The virus increased 


weeks following inoculation. 
these differences disappeared. 
in the inoculated leaves of deficient plants at a rate 
equal to that of nondeficient plants, and after a 


time exceeded the concentration in the latter. 





The influence of mineral nutrition of tobacco on the 
multiplication of the tobacco mosaic virus (TMV) has 
detail with 
increasingly greater concentrations of the major ele- 
generally 


been studied in some Tobacco grown 


ments—nitrogen, phosphorus, or potassium 
show TMV concentrations increasing in direct parallel 
with the effect of the nutrient on host growth (11). 
{ similar pattern of virus multiplication occurs with 


certain minor-element nutrients Helms and Pound 
(4) found that TMV multiplication varied directly 
with host growth in tobacco grown with deficiencies 


or excesses of zinc. With the microelement manganese, 
however, this relationship between mineral nutrition. 
host growth, and TM\ 
virus concentrations were highest in the most severely 
Phe 


iron 


multiplication does not hold; 
deficient plants (12) same investigators (7) also 
studied the effect of 
to TMV 
virus concentrations 
deficiencies, but even in these plants the TMY 
markedly 


nutrition of tobacco in rela- 
In this r 
found 


tion multiplication ase, decreased 


were only with severe 

con- 
less than in nondeficient 
this 


nutrition 


centration was not 
The investigation 
of studies to include the of 
tobacco on the multiplication of TMV. 
ot 


verminated 


series 


ot 


plants. present extends 


effect boron 


Materials and methods. Seeds Vicotiana ta 


bacum L. var. Havana 38 were with 


sm ill glass-« overed cror ks con- 


Hoagland’s solution in 


taining coarse silica sand. Uniform seedlings were 
transplanted into stainless-steel trays containing sand 
and nutrient solution and allowed to grow to a 4- o1 
5-leaf stage. These plants were gently washed from 
the sand in order to remove the root system undam- 
aged, again selected for uniformity, and each entire 
seedling rinsed well in demineralized water. These 


into blackened 314-1 


were planted directly glass con- 
tainers containing the nutrient solutions under study. 
Barnstead 
demineralizer, was used throughout the experiments. 
All containers used to culture plants and to purify and 
These 


Steam-distilled water, passed through a 


store the nutrient compounds were of soft glass 


Shepherd and Glenn S. 
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were cleaned with a strong detergent solution followed 


by rinses with tap water, 5.V HCl. and several of 
demineralized water. The major nutrient elements 
were supplied by Hoagland’s 4-salt solution of 
Ca(NO.),, KNO., MgSO,, and KH,PO, (6). The 


latter 3 compounds were purified before use by re- 
crystallizing analytical grade salts twice from acidic 
solution, using redistilled ethanol in a manner similar 
to that described by Hewitt (5). A stock solution of 
Ca(NO.), was prepared by reacting C.P. grade HNO, 
with CaCO.. Micronutrients, except iron and boron, 
were supplied by the A. solution described by Arnon 
(1), with the H,BO, omitted. Iron was added as 
iron tartrate at the rate of 1 ml of a 0.5% solution 
per liter. Concentrations of boron ranging from 0.05 
to 10 ppm were added in the form of H,BO,. 

Test plants were inoculated with TMV when incipi- 
ent boron deficiency symptoms appeared, usually 5-7 
days after transplanting. Two or 3 of the lower leaves 
of each plant were rubbed with a dilute water solution 
of purified virus containing a small amount of carbo- 
Plants were harvested at weekly intervals 
In the whole-plant assays, all 


rundum. 
following inoculation. 
plants of a given treatment were cut just above the 
surface of the nutrient container. weighed individu- 
ally, and frozen in a plastic bag until used for virus 
assays. In some cases, plant parts were collected and 
assayed separately. Samples used in making virus 
assays on a tissue dry-weight basis were taken by 
removing discs of the interveinal leaf tissue with a 
sharp cork borer. Two to 4 were taken from 
each leaf, depending on its size. of all plants of each 
treatment. These samples were in small 
tared containers, dried CaCl, desiccator 
placed in a 50°C oven for one week, weighed again, 


discs 


weighed 
over in a 
and assayed for virus. 

The virus concentration of tissue samples was de- 
termined by infectivity tests with expressed saps and 
ultraviolet absorbencies of purified virus preparations. 
The saps of frozen whole plants or tissue samples 
of the thawed 
through a mechanical juice extractor or by homoge- 
The infectivities of 
half-leaf 


an incomplete 


were expressed by passage tissue 


nizing with a mortar and pestle. 


saps were compared in inocula- 
tions of tobacco, Havana 425. 
block design. Virus for the 


two cycles of differential centrifugation 


expressed 
using 
absorbency assays was 
purified by 
after heat clarification of diluted aliquots of the ex- 
pressed saps (8). The final virus preparations were 
resuspended in water, and aliquots diluted to a point 
suitable for reading on a Beckman DU spectropho- 
tometer at 260 my. 
comparable optical densities. 


The results were expressed as 
at 
that of expressed sap. or converted to weight of virus, 


dilutions one-tenth 
using the slope of the curve of Takahashi (10). 
The virus was extracted from dry tissue samples 


soaked in water for several hours. The samples were 
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then homogenized in small centrifuge tubes with a 
motor-driven polystyrene homogenizer, and the ex- 
tracts clarified by slow-speed centrifugation. Follow- 
ing this, the cellular debris was again homogenized 
with water to extract whatever virus remained. These 
extracts were pooled, and the virus was purified and 
measured as with the expressed saps. 

Results. Host response to boron. Tol acco plants 
developed typical boron deficiency symptoms soon 
after being transplanted into nutrient solutions low 
in boron. Plants grown with 0.0 and 0.005 ppm boron 
respectively developed deficiency symptoms about 5 
and 12-14 days after being transplanted. The plants 
ceased growth abruptly when deficiency symptoms 
appeared. The first sign of deficiency was on the 
terminal buds. The young leaves of the terminal 


growing points became chlorotic and soon began to 





vaw 


Fig. 1. 


tobacco plants. A) Growth after 4 weeks in water culture 
containing (left to right) 0.0, 0.005, 0.05, 0.5, and 10 ppm 


Intluence of boron nutrition on inoculated 
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break down. These leaves and the terminal bud soon 
died. After a time the lateral buds broke dormancy, 
and grew for a short time before they too became 
necrotic. The partially expanded leaves immediately 
below the growing point became distorted, with the 
midribs and lateral veins showing a downward curva- 
ture (Fig. 1-B). These leaves later became thick and 
brittle. The vascular tissue of the upper shoot and 
attached leaves of deficient plants became necrotic 
and discolored. 

Plants grown with 10 ppm boron showed only minor 
toxicity symptoms. A transient yellowing appeared 
on the smaller leaves at the top of the plants about 
5-7 days after transplanting. Later, necrotic spots 
and margins developed on the lower leaves (Fig. 1-B). 


Host response to boron nutrition was similar with 
both TMV-infected and healthy plants, although the 






boron. B) Deficiency and toxicity symptoms on inoculated 
leaves and tip leaves of plants grown with 0.0 (left), 0.05 
(center), and 10 ppm boron (right). 











rel 
TABLE 1 / \ a ta 
\ 
Da {) i 
n sity 
(0) 
OY 
LO 
0.098 
Ooo 
4 
‘ t | 
| 0.39] 
) 1) 
j oun 
f 14 
| 163 
) 
\vera 
centraty 
\ver , é 
, omy ‘ 
latter grew sor | ipidly. Boron deficien 
cies affect the | t p that are crowl rapidly. 
and growth ceased tirely whi leficienty 
symptoms appe | | deficient pl were 
severely stunted I \ Two week ter being 
transplanted, o veek after inoculation 
plants at the shed onl hout one 
third as 1 | with adequate boron 
(Table 1) Three wee ter inoculation, plants at 
the 0.0 ppm level weig! only one-fifth or one-sixth 
as much as nonde t Plant t the 0.005 
ppm level grew at rate until the deficiency 
appeared, and growth ceased about 10-12 da ifter 
inoculation I] tl creased weights of def ent 
plants in the later ha Table ] were probably 
due mostly to re he thicknes ot the te ives. 
for the iverage ire ht per iniforn diss 
of deficient plants rably ereater tl that 
of nondeficient 
Plants it the } hig | ficiency 
symptoms ino onl , lifferent experiments. 
Generally. the tl nts at the 0.05 ppm or 
10 ppm level “A not f intly different f; that 
of plants at the ( l. although the average 
weights i ! VAN reater 


(Table 1] 


Virus or nf fior P\I\ reased eoncentra 
tion more slow ! t pl ts. but alter 
a time reached concentration as great as in plants 
with adequate boro: some cases greater 

Five different ex made, with 5 levels 
of boron (0.0. 0.06 ind 10 ppm ised in 
each experiment \ rl ind intectivitv assays 
with expressed say f wl lants showed less virus 
in plants of the he first and usuall 
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week 
by the second, and in almost 
week 

in severely deficient plants equaled that in non- 
plants. The TMV in- 


creased in the vrowing 


the second after inoculation (Table 1). Fre. 


quently all cases bv the 


third following ino ulation. the virus concentra- 
tion 
with which 


deficient rapidity 


plants was related to the 
temperature, During summer experiments, when day- 
time temperatures somewhat exceeded those of winter 
usually lagged 
plants for first week 
Plants at the 0.005 ppm level. 
deficiencies in all the 
TMV 
of nondeficient 
Plants 


showed 


thout 24°C). the virus concentration 


in severely deficient only the 


following inoculation. 


ilthough 
experiments, did not 
different 
plants at any time 
and 10 


concentrations significantly lower than those of plants 


developing severe 


generally show coneentra- 


tions significantly from those 


after inoculation. crown 


with 0.05 boron =f ldom virus 


ppm 


it the optimum level of 0.5 ppm. 
During 


~ imple = oft whole 


experiments. representative 
collected and 


dry-weight 


several of the 
used for 
These 


saps 


plants were 


ssavs on a= tissue basis 


virus 


confirmed the results with extracted 


lable 2) 


U0) ppm the 


Except for a slight lag in the plants at 
first week ulation. the 
virus concentrations differed little at the various levels 


following inex 


ot boron. 


Tobacco shows boron deficis nev symptoms only on 
rapidly growing tissues. such as the growins point. 
the partially developed leaves. the root svstem. and 


Thus 


small part of the plant may be actuelly deficient in 


the tissue in the region of the cambium only a 


boro In the saps or extracts of whole plants there- 
lore the defi lent tissue may he represented by only 
t small part of the total homogenate. and little differ- 


ences may be expected in the virus content of deficient 
\ccordingly 


nondeficient 


parts 
lected 


nd nondeficient plants various 


of deficient and plants were 


separately and used for virus assavs. 


The lowermost ino ulated leaves and the tin leaves 
of plants at the 0.0 and 0.5 ppm levels. and in seme 
cases similar parts of plants of the 0.005 pom level, 
Pante 2—TMV concentration in dry leaf disc samples 

alkcer from Vicotiana faba m plants grown at vari 
evels of boror 
Boren Me virus 
Davs afte concentration Per cent per m 
oculation (ppm) iry weight drv tissue 
00 12.1 0.014 
0.005 10.9 0.023 
0.05 10.0 0.023 
0.5 11.5 0.019 
10.0 11.7 0.018 
14 0.0 12.1 0.044 
0.005 10.1 0.038 
O05 11.0 0.042 
05 11.0 0.037 
10.0 123 0.046 
2] 0.0 12.6 0.054 
0.005 10.9 0.046 
0.05 11.9 0.053 
05 97 0.059 
10.0 12.2 0.046 
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Tas_e 3.} irus concentration at various leaf positions of 
boron-deficient and nondeficient Nicotiana tabacum 
plants 

Boron level and time Mg virus per ml expressed sap 


after inoculation Inoculated leaves Tip leaves" 


7 days 
0.0 ppm 2.4 2.5 
0.5 ppm 2.4 4.1 
14 days 
0.0 ppm 3.1 1.5 
0.5 ppm 15 3.8 
21 days 
0.0 ppm 7.9 6.3 
0.5 ppm 3.9 2.2 
21 days 
0.005 ppm 1.6 2.6 
0.5 ppm 3.9 1.0 


*These represent deficient tissues in the case of the 
plants at 0.0 and 0.005 ppm. 


were collected after they had developed severe de- 
ficiency symptoms, and their virus contents were com- 
pared at intervals after inoculation. The results 
(Table 3) show that tissue with deficiency symptoms, 
represented by the tip leaves of the plants at 0.0 and 
0.005 ppm, contained less virus for 1-2 weeks follow- 
ing inoculation, but after a time showed virus yields 
as great as in similar nondeficient tissues, or greater. 
The inoculated leaves of the plants at 0.0 ppm that 
were well developed before deficiency symptoms ap- 
peared, remained almost unchanged for long periods 
and never showed signs of impairment. These leaves 
showed rapidly increasing concentrations of virus fol- 
lowing inoculation, and after a time contained a 
greater concentration than the inoculated leaves of 
nondeficient plants. 

Discussion. The role of boren in plant metabolism 
is not known with certainty. Experimental evidence 
indicates that the element is active in sugar translo- 
cation (3, 9). Sugar borate complexes are believed 
to form in the plant and to be able to pass through 
membranes more readily than nonborated sugars. In 
addition, it has been suggested that boron may be a 
constituent of the cell membranes and function in a 
similar manner there, by forming a temporary union 
with sugar molecules during their passage through 
the membrane. 

Large amounts of sugars and other carbohydrates 
are known to accumulate in the leaf tissues of boron- 
deficient plants. The deficiency symptoms appear on 
the parts of the plant that are growing rapidly. such 
as the terminal growing point and the tissues in the 
region of the cambium. a feature characteristic of 
elements that are immobile in the plant. These are 
tissues with high rates of respiration and requiring 
large amounts of translocated carbohydrates. If boron 
were a constituent of membranes it would be expected 
to be immobile in the plant. and, once fixed in a 
tissue. would not again be available for transport and 
re-use. Thus, the plant grows normally until it 
exhausts the available supply of boron. abruptly 


ceasing growth when the supply becomes limiting. 


This was observed in the present experiments. 

Boron is probably not involved in TMV multiplica- 
tion other than in the indirect manner of favoring a 
more vigorous host plant. In the whole-plant assays 
(Tables 1, 2) the virus concentration is somewhat 
less in severely deficient plants for a short time fol- 
lowing inoculation. This initial lag in the virus con- 
centration in deficient plants may be because of fewer 
infective centers following inoculation, or because of 
a slower systemic spread of the virus as the result of 
poorly functioning phloem tissue, or because TMV 
may spread in the plant in conjunction with sugars, 
the translocation of which is inhibited. This mecha- 
nism would be nonfunctional in deficient plants. The 
latter explanation seems feasible because the spread 
of some plant viruses in the host, e.g., beet curly top 
virus and others (2), is known to be correlated with 
translocation of the products of photosynthesis. 

In the inoculated leaves of deficient plants the 
TMV concentration is as great the first week after 
inoculation as in nondeficient plants (Table 3). 
Assays of the inoculated leaves of deficient plants 
after 2 and 3 weeks showed that considerably more 
virus was present than in similarly inoculated leaves 
of nondeficient plants. Thus, it appears that TMV 
multiplies at a normal rate in the inoculated leaves of 
deficient plants and continues to accumulate there. 
This apparent accumulation of virus in inoculated 
leaves may be because of the lack of transport of 
virus out of the leaves or because of a seemingly 
slower multiplication in rapidly enlarging nondefi- 
cient leaves.—Department of Plant Pathology, Univer- 
sity of Wisconsin, Madison. 
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SIMILAR METABOLIC ALTERATIONS INDUCED IN 
SWEET POTATO BY POISONOUS CHEMICALS AND 
BY CERATOSTOMELLA FIMBRIATA 
I. Uritani, M. Uritani, and H. Yamada 
Accepted for publication June 17, 1959 any is produced in adjacent sound tissue. It was 
Phis is part 25 of a study of phytopathological chemistry — jgolated by Hiura (8), and the structure was de- 


ot sweet potato with black rot 


SUMMARY 


When sweet potato is injured through some 
poisonous agent such as mercuric chloride, bio- 
chemical alterations are almost the same as seen 


in sweet potato infected by Ceratostomella 
fimbriata: Respiration is accelerated, polyphenols 
and coumarins increase in sound tissue adjacent to 
the injured part, and ipomeamaron, a sesquiterpene, 
part. Production of 
has been considered one of the pe- 
changes in sweet potato attac ked 
Ceratostomella fimbriata. 


n the injured 


is produced 
ipomeamaron 
culiar metabolic 
by pathogens such as 


However. ipomeamaron can be formed in 
response to chemical agents, its production may be 


tissue In re- 


since 


a general reaction of sweet potato 
sponse to the injurious action of invading agents. 
Under chloride 
poisoning, only 
in the injured part but also in the adjacent tissue 
Thus the production 


precedes browning in 


mercuri 
produc ed not 


certain conditions § of 


ipomeamaron was 
where no browning appeared. 
of ipomeamaron apparently 
the injured part attacked by the pathogen. 





next to infected by 


(E. & H. Elliot), the patho- 


In the sound tissue tissue 


Ceratostomella 


, 
fimobriata 


gen of black rot of sweet potato, respiration is in- 
creased (22), and the anabolic processes in situ are 


activated, e.g., there is an increase of organic phos- 


phate and of protein synthesis (2). Polyphenolic 


substances are also commonly produced in_ plant 


tissues infected by pathogens, and were observed in 
the sound tissue of infected sweet potato, next to the 
infected tissue. The polyphenolic substances were 
isolated and identified as caffeic acid and as caffeic 
acid derivatives. such as chlorogenic acid, isochloro- 
genic acid and pseudochlorogenic acid (21). Chloro- 
genic acid was already isolated from sound sweet 
potato by Rudkin and Nelson (11), and isochlorogeni« 
acid was first found in coffee bean by Barnes et al 


(5). It was also found that coumarin substances, such 
as umbelliferon and scopoletin, had occurred in the 
sound tissue next to the infected part at a time earlier 
The 


substances has also been 


than the stage of the polyphenol production (20). 
occurrence of the coumarin 


found in other plant tissues attacked by pathogens (7. 


16). Ipomeamaron, a bitter oily substance belonging 


to sesquiterpene, is produced in the injured part of 


briata, but scarcely 


the sweet potato intecte d by ¢ fir 


termined by Kubota and Matsuura (10). 

In sweet potato infected by Thielavia basicola and 
Fusarium spp. the same phenomena were observed as 
in sweet potato with black-rot. Suzuki et al also re- 
ported a respiratory increase and production of poly- 
phenol and ipomeamaron in sweet potato attacked by 
Helicobasidium (14). 

To clarify the mechanism of the 
metabolic alterations in sweet potato infected by iG. 


mompa 
above-mentioned 


fimbriata and the physiological role of the alterations 
in relation to resistance, the changes of metabolism in 
the sweet potato injured with poisonous agents such 
as mercuric chloride (HgCl,) were investigated and 


compared. 


Materials and methods._-The root of sweet po- 
tato (variety Norin No. 1) was cut into slices (2-3 


em thick), on the surface of which 2 sheets of filter 
paper (5 cm in diameter) were placed in layers and 
moistened with 4 ml of the 0.1°% HgCl, solution con- 
taining 5°) sodium chloride. After 12 hours another 
2 ml of the solution were applied; the slices were 
allowed to stand at 25°C. After 24 hours of the first 
treatment, the surface of a sweet potato slice (1-2 mm 
thick) was deteriorated and killed by the agent and 
became soft and white; the part between 


the dead and the sound tissues turned brown. 


boundary 
Treat- 


ment of the 0.01% HgCl, solution produced less 
dramatic change, but in this case also the sweet 
potato tissues finally died. A_ solution of 0.001% 


HgCl, has no striking effect on the sweet potato. In 
each case water was applied as a control, and no 
noticeable change occurred. To compare the effect on 
sweet potato of HgCl, treatment with that of the 
fungus infection, sweet potato slices were subjected to 
inoculation of the spore suspension of C. fimbriata and 
incubated at 25°C. After 48 
mycelium grew well on the slice surface and pene- 


hours the fungus 


trated into the inner part as deep as 0.5-1.0 mm. 
Rate of 
respiration was measured by the method of Beevers 


Measurement of the respiratory rate. 
(0). 

After 48 hours of the HgCl 
(0.5 mm thick, 7 
diameter) were prepared from sound tissue (2 


Twenty slices were put 


treatment or the fungus 


inoculation, the thin slices mm in 
3 mm 
thick) next to damaged tissue. 
into each vessel containing 2 ml of 0.03M phosphate 
buffer solution (pH 5.5) containing 2° sucrose, and 


the oxygen uptake was measured. 
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Qualitative analysis of the polyphenols.—Caffeic 
acid derivatives. such as chlorogenic acid, were de- 
tected in the injured sweet potato by means of the 
specific color reaction. After the sweet potato tissue 
is soaked In sodium bicarbonate solution, it is heated 
up to 60 70°C, exposing the upper surface to the 
air. If the tissue contains the phenolic substances, it 
becomes green (17). The exact mechanism of the 
phenomenon is not clear, but the following events may 
be considered. During the course of heating process. 
sweet potato tissue is rapidly damaged and the cellular 
organization will also be disturbed. Polyphenol oxi- 
dase, which exists in a latent state, oxidizes freely 
cafleic acid derivatives to the quinones. The resulting 
quinones oxidize the amino acids in the presence of 
alkali (pH 8.0-9.0) to liberate ammonia (NH.): the 
resultant reduced substances from the quinones may 
be condensed with the other quinones or further with 
NH. to give green pigments. In principle, this process 
is more or less similar to the ninhydrin reaction of 
amino acids (13). 

Qualitative test for the coumarins.—Under ultra- 
violet light. umbelliferon and scopoletin respectively 
give blue and blue-green fluorescence. Therefore, if 
the tissue is placed under the ultraviolet lamp, the part 
involving the substances gives bright blue or blue- 
green fluorescence. This procedure was developed in 
the course of the study on coumarin substances pro- 
duced in sweet potato infected by the black rot 
fungus (20). 

fnalysis of tpomeamaron.—Ipomeamaron'§ -eacts 
with Ehrlich’s reagent (2.5 g of p-dimethylamino- 
benzaldehyde in 25 ml of aleohol and 25 ml of con- 
centrated hydrochloride solution) and shows a_ pink 
color (15). and this fact was applied to the quantita- 
tive analysis of ipomeamaron (3). When Ehrlich’s 
reagent is applied to the tissues, the part involving 
ipomeamaron shows a pink color. and the qualitative 
test is possible. 

Results. Respiration.The respiratory rates of 
sweet potato treated with 0.16 and 0.017 HgCl, solu- 
tions were respectively increased by about 50° and 
about 20°. but that of sweet potato treated with 
0.001° HeCl, was almost the same as that of the 
control. However. the respiration increase of sweet 
potato from HegCl 
compared with that from fungus infection (80-100°, 
increase); the fact that the drift of respiration shows 


poisoning was relatively small 


more or less a similar trend in both cases should be 
emphasized (Fig. 1). 

Production of polyphenols.—It was found that poly- 
phenolic substances including chlorogenic acid were 
synthesized in the sound tissue adjacent to the injured 
24 hours after treatment with HgCl.. and after 48 
hours a more pronounced increase was observed. How- 
ever, the magnitude of the formation of these sub- 
stances seemed to be lower than that in sweet potato 
infected by the pathogen. { more precise picture of 
this phenomenon requires chemical analysis. 

Production of the coumarins.—TVwenty-four hours 


after treatment with HgCl., the sound part just ad- 
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jacent to the injured gave a brightly blue fluorescence 
under the ultraviolet lamp, but its intensity was 
weaker than in sweet potato infected by the pathogen. 
This fact may indicate the formation of coumarin 
derivatives such as umbelliferon. 

Formation of ipomeamaron.—The brown boundary 
between the dead part and the adjacent sound part 
shows pink color with the Ehrlich’s reagent, and color 
intensity was in following order: 0.1% > 0.01% 

0.001% in consecutive manner. When sweet po- 
tato was treated with 0.1% HgCl, solution 3 times (the 
third treatment after 24 hours of the first 2 treatments, 
as explained earlier), positive Ehrlich’s reaction was 
noticed in the adjacent inner part, which is not brown 
and looks sound, as well as in the brown part, which 
apparently died. Since indole derivatives also give a 
positive reaction to the reagent, only the result of 
qualitative analysis based on the color reaction does 
not always indicate that the positive substance is 
ipomeamaron itself. Accordingly, to isolate and char- 
acterize the positive substance, the following experi- 
ment was undertaken according to the procedure of 
Hiura (8) and Kubota and Matsuura (10). The dried 
powder (1.5 kg) of sweet potato tissue treated with 
HgCl, that gave positive reaction to the reagent was 
extracted with ether; the extract was washed with 
5°, sodium bicarbonate solution, 5°) sodium hydroxide 
solution, and water. respectively, and dried with de- 
hydrated sodium sulfate (Na,SO,). The ether extract 
was evaporated to oily substance, and finally sub- 
jected to steam distillation. The resulting distillate 
was extracted with ether once again, and the extract 
was dried with Na.SO,, and dried up to yellow oil 
(vield 19.2 g). At the final step this oily material 
was fractionated with distillation in vacuo. The main 
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Fig. 1.—The respiration of HgCl.-treated sweet potato 
ind the infected one, 
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Paste 1.—Fra bstances in sweet 
potato treat HgCl, and ecte vith ¢ 

fiimbriata 
“Ww potal 
~ tected witl 
Hof C. fi 
points 
( Y ( Yields 
Origin H ) 5 mmHg (g) 
Distillate ) i ; 100—130 0.15 
| 4 130 2.0 
06 130—167 0.2] 
lf ().2 167-180 0.30 
Residue 1.2 2.0 
The main tract I ubstances 

fraction was. distill t 0) 5 £5 mm Hg. and 
the boiling point was the ime as that of authentk 
ipomeamaron. It gave extremely intense pink color 
with the Ehrlich reagent The results of the 
fractionation are show Table 1. together with that 
of sweet potato with | k rot For the final char- 
icterization, the I i! I I was subjected to the 
next step to get rbazone according to Kubota’s 
method (10 ro O { the main fraction were 
added 0.5 ¢ of semicarb le hydrochloride, 0.5 ml of 
pyridine, and 0.3 1 f ethyl alcohol. and the result 
ing mixture was allowed to stand at room temperature 
After about one week was added to this mix 
ture, and the resu olid material was crystallized 
from dilute aleohol repeatedly By using active cat 
bon a pure white erysta obtained with a melting 
point of 129.5 ( fF parallel the iuthenti« 
semicarbazone wa “vnthe red trom ipomeamaron 


isolated irom sweet potato with black rot and its 


melting point was not depressed when the both semi- 


carbazones were mixed The elemental analysis. eal 
culated for ¢ H OLN ( 62.5 H. 8.15 N 13.67: 
found: C, 62.46: H. 7 N. 13.78 The main frac 
tion and = ipomeamaror vere identified on paper 
chromatograms using | kinds of developing sol 
vents such a é no tvl acetate ind butanol: 
acetic acid: water Y } The Ri values were the 
same between two I U. 44 methat ol . 0.90 
(butvl acetate My} fanolraceth wid: wate! 
Taste 2 [por flerent parts 
lr} ckness 
{ lead Jf 
S ym) 
Hel 0.1 LO 
t Nal 
lrichloroace i { 1 5.0 
\Monoiodoacetic a 0 6.0—7.0 
2.4-dinitropher 05 .() 
Na-diethvldithiocar 0 
" Methods of the tative es are shown it iterials 
phenol are strot t t] f 0.] Hat ind the inte 


medium: weak if r I i 
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9:1:10). In conelusion, the greater part of the 
substances produced in sweet potato injured with 
HgCl, that are positive to Ehrlich’s reagent were con- 
firmed to be ipomeamaron 

he amounts of ipomeamaron were determined twice 
in beth the brown part of sweet potato treated three 
times with the 0.16% HgCl, solution and the adjacent 
inner part that seemed apparently sound. The amount 
of ipomeamaron is larger in the former part (1.35 ) 
than in the latter (0.26°, ), but less than in the in- 
fected part of sweet potato with black rot (2.30% ). 

Treatment with the other poisonous substances.—The 
following chemical substances were used to investi- 
gate the responsive reaction of sweet potato in com- 
parison with HgCl.: trichloroacetic acid (TCA). a 
typical agent of denaturation of protein: monoiodo- 
acetic acid (ICH,OOH). an SH inhibitor; 2.4-dini- 
trophenol (DNP), a typical uncoupling agent of 
oxidative phosphorylation; and Na-diethyldithiocarba- 
mate (DIECA), an inhibitor of polyphenol oxidase. 
The re sults are in Table Z All ot these poisonous 
substances caused polyphenol accumulation and 
ipomeamaron production when used in concentration 
high enough to induce cellular death of the part con- 
tacted with the agents, but Na-diethyldithiocarbamate 
did not cause polyphenol accumulation: it is assumed 
that the agent would also inhibit the polyphenol syn- 
thesizing system. 

Discussion._-When sweet potato is infected by C. 
fimbriata and the other pathogens, in the sound part 
adjacent to the injured, the following events are ob- 
served: a) respiratory increase, b) polyphenol pro- 
duction, and ¢) synthesis of coumarin substances: and 
sesquiterpenoids like ipomeamaron are produced = in 
the injured part. In work reported in this paper. it 
was confirmed that such metabolic alterations are also 
induced by the injury of several poisonous agents such 
as HgCl.. It appears that the above alteration is a 
kind of general responding reaction of sweet potato 
to any injurious factors. Therefore it may not be 
considered that such changes of metabolism followed 


by the infection of C. fimbriata express special reac- 


tions to the particular pathogen. [Tpomeamaron_ is 
formed exclusively in the infected sweet potato and 
not in sound sweet potato itself So far it has not 
smeet otatoes wr ured ob potsonous hemicais 


[pomeamaron 


Brown part Sound part Poly phenol 


and methods. Color reactions of ipomeamaron and_ poly- 


nsity is conventionally decided as +. strong; +-+, 
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been reported that this is formed in any other plant 
material. Furthermore, this substance has peculiar 
toxic action against 
For these 


production of ipomeamaron has been con- 


chemical structure and shows 
C. fimbriata as well as sweet potato itself. 
reasons, 
sidered to be one of the most typical metabolic changes 
of the sweet potato induced by pathogenic infection 
fimbriata as the result of host-parasite in- 


the experimental 


such as C. 


teraction. However, from results 
reported here, this thought has been denied. 
[pomeamaron is produced in the infected part of 
potato attacked by C. 
any is made in the adjacent sound part. 


of sweet potato injured with HgCl,, however, under 


sweet fimbriata, but searcely 


In the case 


certain condition, it can be produced not only in the 
injured part but in the adjacent part. The fact is 
of value in elucidating the biochemical pathway of 
ipomeamaron synthesis. It is difficult to use the in- 
fected material for this 
purpose. because it may very rapidly lose the ability 
On the other hand, tissue 


tissue as an experimental 


to produce ipomeamaron. 
adjacent to the HgCl,-injured tissue might be used 
since the tissue does not accompany browning and 
maintain the above ability. 

The other biochemical characteristics in the part 
of sweet potato infected with black rot is the browning 
resulting from the oxidation of the polyphenols by 
polyphenol oxidase. It is very difficult to clarify the 
sequence of the metabolic changes in the cells suffering 
from penetration of the fungus, since phenomena like 
ipomeamaron production and browning are caused very 
quickly and are limited to the injured part. But, 
based on the fact that ipomeamaron is produced in the 
inner part that seems apparently sound and does not 
show browning in the case of sweet potato adequately 
HeCl.. it will be 
meamaron production would have preceded browning 


treated with assumed that ipo- 
in the infected part of sweet potato with black rot. 
Furthermore, the fact of impomeamaron production in 
sweet potato treated with toxic agents suggests that 
C. fimbriata produces the exogenous enzymes and 
metabolites, causing ipomeamaron production, when 
it attacks the 
alterations in the infected part will be explained as 
follows. When sweet potato is attacked by C. fim- 
briata, sound part 


tissue. The sequence of metaboli 


respiration is increased in the 
adjacent to attacked cells, and pyruvate derived from 
glucose-phosphate is decomposed and utilized actively 
through the tricarboxylic acid (TCA) evyele and fatty 
(The existence of the TCA cycle in sweet 
While the pathogen 


penetrates into such activated cells consecutively, ab- 


ac id cvi le. 


potato was confirmed by us (1).) 


sorbs the nutrients in situ, and produces the exogenous 
enzymes and metabolites, the functional proteins such 
as mitochondria and microsoma in the host cells would 
be denatured, and some metabolic system concerning 
TCA cyele and fatty acid cycle lose the normal fune- 
tion and produce ipomeamaron and other essential oils 
Then, the 
activities of 


as the result of the abnormal metabolism. 


protoplasmic function regulating the 


enzymes such as polyphenol oxidase would be lost 
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because of the inhibitive action of ipomeamaron (18, 
19) as well as penetration of the fungus; thus, poly- 


phenol oxidase freely oxidized the increased poly- 
phenols such as chlorogenic acid. The resulting 
o-quinones react with the proteins and amino acids, 
thus coagulating the proteins and forming brown 


melanin substances. The production of ipomeamaron 
will be similar to the sequence of biosynthesis of rub- 
ber (4, 9) and cholesterol (12), 


production of 


which involves the 


mevalonic acid lactone as an_ inter- 
mediary substance. 
ultv of 


Japan. 
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Anjo, Aichi, 
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SUMMARY 
Alfalfa mosaic virus (AMV) was studied sero 
logically. The antibody responses of rabbits in- 
jected intravenously with saline suspensions of 


virus and intramuscularly with an emulsion of virus 
Freund (mineral oil) 
complement fixation and ring- 


Strains of AMV differing 


in “incomplete” adjuvant 
were compared by 


interface precipitin tests 





widely in pathogenicity and geographical origin 
were generally closely related serologically to the 
type strain used in this work. Cross-reaction tests 
with 8 other plant viruses indicated that AMV is a 
distinct serological entity. Results from cross-pro 
tection tests were always in agreement with those 
from serological tests Host response studies 
showed that different AMV isolates may be con 
veniently grouped on the basis of systemic reac 
tions on bean and cowy 

Alfalfa mosaic virus (AMY\ which is very variable 
(9, 23), may cause important crop losses (6. 7). In 
Indiana, the virus is prevalent in alfalfa and Ladino 


clover but not in red clover. Unfortunately, the preva 


lence of the virus is not always easy to estimate. be- 


cause the symptoms produced are very diverse and 


because, as previously noted (21), symptom expression 


is greatly influenced by environment. For example. of 


686 second-year alfalfa plants examined in May. 
1957, 93° were found fected on a basis of results 
obtained by inoculati: representative plants showing 
different symptom types to differential hosts. Yet. 
in October of the same year and in the early spring 


Moorhead, 


ipproval of the 


investigation, 


CHARACTERISTICS AND THE RELATIONSHIP 
ALFALFA MOSAIC VIRUS 


J. Tuite. and H. P. Liu 


of 1958, fewer than 20° of the 686 plants showed 
symptoms, and these were all of the bright-yellow 


streak type. When plants showing different types of 


symptoms were indexed in the greenhouse on bean 


(Phaseolus vulgaris L. var. Bountiful), cowpea (Vigna 


sinensis (Torner ) Savi var. Blac keve ) and tobacco 
(Nicotiana tabacum L. var. Connecticut Havana 423), 
the variety of symptoms produced led us to wonder 


AMV. 


tection tests indicated that our original identifications 


whether we were always isolating Cross-pro- 


were correct, but these tesis were somewhat tedious 
and serological procedures seemed more suitable. Aec- 
cordingly. (AC-106) 
and Registry of the Plant Viruses, 2nd Edition) 


(i. 2) ama 


one of our isolates (Catalogue 
was 
purified and characterized used as an 
antigen. 

The work presented here is an evaluation, first, of 
AMV and. second. of the serology 


AMV groups as represented by 


the antigenicity of 
and definition of the 


isolates differing in pathogenicity and geographical 
origin. 

Materials and = methods. Virus isolates. Nine- 
teen AMV isolates. representing different symptom 


types, were collected from various locations in Indiana. 
These isolates were all inoculated to tobacco, bean, and 
cher ked by 


tests, and all were examined serologically 
y) 


cross-protection 
( Table a 


previously 


cowpea. Twelve were 


In addition, purified preparations of 


identified isolates from various other locations were 
examined serologically. These latter isolates were 
in most cases identified by their donors as separate 
strains by the names or numbers listed in Table 4. 
The pathogenicity of the other strains. except vellow 
patch, yellow dot, and yellow mosaic strains (23). has 
not been described in detail in the literature. 
Preparation of antigen and antiserum.—The virus 


used as the antigen was prepared from infected tobacco 
by differential ultracentrifugation. by the schedule de- 
scribed by Bancroft and Kaesberg (2). 
virus used as the antigen for the immunization studies 


The weight of 


weight 


was determined from a standard curve of dry 
(705°C 
(l cm light path) at 260 myx. 

\fter a sample of normal serum was obtained from 


for 24 hours) plotted against optical density 
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each rabbit, 2 immunization procedures were used to 


obtain virus-specific serum. In one procedure, 8 rab- 
bits received 1-3 intramuscular injections of virus 
emulsified in “incomplete” Freund adjuvant (17) from 
the Difco Laboratories, Detroit, Michigan. In the 
other procedure, 2 rabbits received 3-5 intravenous 
injections of virus suspended in a physiological saline 
solution. The injection schedule is described in a 
later section. All animals were bled periodically from 
the ear vein, and the serum, obtained by standard 
methods, was stored at -20°C. One of the animals 
that received the intravenous injections was bled from 
the heart, and the antiserum obtained from this ani 
mal was used in studies of relationships among the 
strains described here. 

Serological test procedures.—The complement fixa- 
tion technique was that devised for Rickettsia (16). 
which, with a few modifications, was found adequate 
for plant viruses (12, 13). Sheep red blood cells were 
obtained from the Brown Laboratories, Topeka. 
Kansas, or from the Animal Pathology Department, 
University of Nebraska. Complement and amboceptor 
were obtained from Merck, Sharp. and Dohme Co.. 
Philadelphia, Pennsylvania. 


\ grid titration was set up with a serum sample 
from each rabbit taken during a period of maximum 
antibody response. These were in the second or 
fourth week from one of the rabbits injected intra 
venously with a saline suspension of virus, and dur 
ing the fourth or sixth week from 7 of the rabbits in 
jected intramuscularly. Nine twofold dilutions of 
antigen beginning at 1:64 were reacted with 5 two- 
fold dilutions of serum beginning at 1:32 or 1:64. The 
greatest dilution of antigen giving a 4-plus, or complete 
fixation, endpoint with the most dilute serum contained 
the optimum ratio of antigen and antibody. This 
dilution of antigen contained the antigenic unit as 
determined by calculations based on the original 
weight of virus in the solution. Sera from 8 rabbits 
were examined in 2 groups of 4 samples for the 
complement fixation studies. Since the interval be- 
tween the acquisition of the groups of sera was several 
months, 2 different antigen preparations were used. 
The antigenic units for these preparations were calcu- 
lated to be 1.7 pg/ml and 2.6 vg/ml. A constant di 
lution containing 2 antigenic units was used with 
varying dilutions of all the serum samples from each 
rabbit in order to determine the amount of antibody 
present with respect to time after inoculation. 

The amounts of antibody in the sera were also 
determined by ring-interface precipitin tests. The 
ring tests were made by making twofold dilutions of 
antiserum in 0.002M phosphate-buffered physiological 
saline. pH 7.0, containing 10°) glycerine.' The anti 
serum was added to chemically clean small tubes made 
from soft glass tubing (od 6mm) and the virus. in 
buffered saline, was layered over this. Previous semi 
grid and grid titrations had shown that a virus con- 
centration of 15 ug/ml would be suitable for all ani 


Phe authors thank Dr. L. M. Black for these suggestions 
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mals in erms of antigen economy and speed and 
After incubation periods of 1 and 
2 hours at room temperature, the sides of the tubes 


clarity of reaction. 


were wiped with mineral oil' and readings were made 
in a dark room using strong back lighting. The 
antibody titer was recorded as the highest antiserum 
dilution at which a positive reaction occurred. A 
thin white line at or near the interface indicated a 
positive reaction (Fig. 1). The tubes were used only 
once and then discarded, 

Serological relationships were tested by using the 
ring-interface precipitin technique. If crude sap was 
to be tested, the extracts obtained from tobacco were 
clarified by freezing and centrifugation, diluted to 
1: 100 or 1:200, and layered over a 1:16 dilution of 
antiserum. In some cases, virus was detected at anti- 
gen dilutions of 1:6400 from crude sap. This value 
is in excess of the infectivity dilution endpoint and 
can be explained by taking into account the large 
amount of noninfectious serologically active protein 
(1. 2) associated with AMY. Semiquantitative com- 


parisons were made of purified preparations of the 
24 isolates listed in Table 4. The purified prepara- 
tions, scanned on a Beckman DU spectrophotometer, 
all showed similar absorption curves in ultraviolet 
light. The preparations were all adjusted to the same 
optical density at 260 my. and twofold dilutions were 
reacted against aliquots from the same lot of 1:16 
diluted antiserum. The error resulting from equalizing 
the virus preparations spectrophotometrically is un- 
doubtedly insignificant when it is considered that 
errors of possibly 50°, are introduced when twofold 
dilutions are used. 

Controls.—The controls normally included in stand- 
ard serologic al pron edures were always employed. It 
was noted that false rings formed in the ring test 
if weights of antigen above 0.1 mg/ml were used. 
These rings formed even on glycerine and were rather 


diffuse and not so sharp as true rings, but they 
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Fig. 1. The ring-interface precipitin test. A_ positive 
reaction against clarified sap from AMV-infected plants is 
seen in the first and third tubes, and a negative reaction 
against clarified sap from healthy plants is seen in the 
second and fourth tubes. 





Tasie 1.—Re roca ft tise endpoint 
obtained wu {Wl ar } ther plant 1 s antisera 
when titrate f heterologi 
antige t¢ fe 

| ra I I 
ho purl ‘ puril i 
( d AMA Is 

Virus antiser I intige! antige 

Alfalfa mos 2 
Tebacco m | é 
Southern beat 

mosa t LUL4 
Tobacco ringspeot \ | 2ob 
Potato X \ | 
Tobacco nec? \ » yf 
Brome mosai ( | 200) 
Barley stripe 

mosal 
Cucumber 

mottle mosai } { ‘ 

(CV3) k i 1024 
Alfalfa mosai \ 04 12 

In complemer fixat t eru ‘ inticomple 
mentary at dilut | | there ild not 
he ey iluated 

obscured the true 1 iddition. if unbuffered 

saline that had bee! fored at room temperature tor 

some time was used. false rings formed very rapidly 

Fresh buffered saline is advisable if no refrigeration is 

available Phe intisera did not react against either 

crude or concentrated | tions tro healthy 
tobacco when tested = b thie ring-test ind double 

diffusion agar technique Q 

The complement nxal test Was used tor cross 
reactions with AMV antige ind antisera specific for 
9 other plant viruses. Both homologous and heterolo 
gous antiserum dilution endpoints of these sera are 
presented in Table ] The data showed that no cross 
reactions occurred betwee AMV antigen and 8 other 
plant virus sera The one serum that did react with 
AN\ antigen was prepared trom a virus tsolated from 
diseased soybean plants Nebraska This virus had 
been shown in unpu lishe tudies- to belong to the 
AMV group. Tobacco rus, tobacco ringspot 
virus, and AMY e positive reactions against 
homologous. but not against heterologous. sera in the 
ring test. The other viruse were not tested by this 
method. 

Cross-protectior ( ross tection tests were mace 
on bean and cowpea | he irus to be identified 
produced well-define 1 necrotic lesions. It was used as 
the challenge virus nd Indiana 61. which produces 
chlorotic spots and a svsten reaction. was used as 


the established virus. If. on the other hand. the virus 


to be identified did not produce well-defined necrotk 
lesions, it was used : the established virus and the 
yellow patch strair AMV was used as the challenge 
virus, 

Experimental results..— {nfigenicit f alfalt 

'Dr. W. B. Al 1Dr. R. WLS 
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saic virus.—Fig. 2 compares animal responses, de- 
termined by complement fixation and_ ring-interface 
precipitin tests, to intramuscular and intravenous in- 


\ rabbit, injected intramuscularly, received 
AMV 
weeks apart followed by a 
week. The maximum antibody titer was 
the fourth week. Thereafter, the titer 
dropped until the tenth week and remained constant 


jections, 


two 10-mg doses of emulsified in adjuvant 3 


5-mg injection during the 
sixteenth 


reached by 


until the 5-mg dose increased it to the maximum level. 
Phe rabbit that 


venously with 5-mg doses of antigen in 


serum from a was injected intra- 
saline vielded 
i typical short-lived response, with maximum antibody 
\ booster dose of 
injection of the 
to that dese ribed 
later 


intibody 


titer oecurring in the second week. 
after the 


series had an effect similar 


antigen given 13 days last 


primary 
above \ second rabbit. injected at a time with 
showed an 
Fig. 2. 


were 


a virus-saline solution, response 
similar to that in 


rabbits 


curve 


Two. other injected) intramuscularly 
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Fig. 2. \ comparison of animal response to virus 

adjuvant mineral oil) intramuscular injections and virus 


saline intravenous injections as measured by the complement 


fixation and ring-interface precipitin methods. The first 2 
arrows on the upper graph along the time scale refer to 
10-mg injections of AMV, whereas the last one and all the 
irrows on the lower graph along the time scale refer to 
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Taste 2..Description of some alfalfa mosaic isolates 
irom Indiana 
Reaction of Sero- 


Indiana Bean Cowpea Cross- logical 
isolate Sys- “Vs protec- reac- 
No. Local temi Local temic tion tion 
+" 1 x - " 
5 X — x - NI . 
6 } a 4 , NT 
8 x - x — , 
39 : + : NI 
61 + 
83 
84 | | | 
85 , 4 } n NI 
$6 x x - } 
87 { . + { N1 
9] xX x - 
92 x x 
94 | i aS n NI 
104 
105 x N1 
106 x i 
109 
“The under a local-reaction heading designates any 


type of reaction other than a well-defined necrotic local 
lesion on the inoculated primary leaves. 

The under a systemic reaction heading designates 
reaction on the uninoculated trifoliolate 
eaves, 

The x under a local-reaction heading designates a well- 
lefined necrotic local lesion on the inoculated primary 
leaves. 

*The NT designates no test. 
with single large (19-29 mg) doses of emulsified 
virus. Both of these animals responded similarly to 
the rabbit that received 2 initial injections, in that the 
antibody-profile curves were about the same shape, 
with maximum titers at the 4- to 6-week period. 
Another animal was injected with incompletely emulsi- 
fied antigen and responded poorly in a manner sug- 
gestive of a single injection of antigen given in saline. 
However. this same antigen was effective in raising the 
antibody titer when injected into another animal that 
previously had received properly emulsified virus. 

[wo of the animals used early in this work developed 
injection with 


large cysts after an intramuscular 


emulsified virus. These cysts most likely resulted from 


impurities associated with the virus preparations. 
Later antigen preparations were subjected to additional 
steps in the purification procedure, and cysts did not 
develop. 

The results obtained 


ment fixation and ring-precipitin tests always showed 


independently by comple 
the same type of response curve in the animals and 
are considered to be in good agreement. On an 


average, based on 38 comparisons, the titers found 
by complement fixation methods were about 2 dilutions 
less than those obtained by ring tests. Antiserum 
dilution endpoints from the precipitin tests were de 
termined with 15 ng/ml of antigen, and the final read 
ings were recorded at the highest positively reacting 


antiserum dilution. 


ANTIGENIC CHARA 


Complement fixation tests. on the 
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other hand, were run with 3.5-5.2 g/ml of virus and 
the final readings were based on the highest antiserum 
dilution that gave a complete fixation reaction. 
Description of isolates from Indiana.—Symptoms on 
alfalfa plants from which AMV was isolated varied 
considerably, from greenish mosaics to faintly yellowed 
leaves, from bright-yellow streaks to mild vein clear- 
ing, and from leaf puckering to a general stunting of 
plants and shortening of the internodes. Considerable 
variation in symptomatology was also found on bean, 
cowpea, and tobacco. As can be seen in Table 2, two 
main types of lesions were noted on bean and cow- 
pea: 1) a well-defined necrotic lesion on the inoculated 
primary leaves, relatively stable in appearance in spite 
of environmental change, was usually associated with 
an isolate that did not become systemic on the un- 
inoculated trifoliate leaves: and 2) a less well- 
defined type of reaction, sensitive in appearance to 
environmental change, which appeared on the inocu- 
lated 
ciated with systemic 
These data, based on 2-9 replications at different times 


primary leaves and which was usually asso- 


spread to the trifoliate leaves. 


for each isolate, are in agreement with those reported 
by Milbrath and McWhorter (11) on cowpea. The 
spreading type of reaction had many variants, such as 
a diffuse necrotic type that spread along adjacent 


veinlets, or a chlorotic ring-spot type or merely a 


diffuse area of chlorosis. Only systemic strains were 
isolated from alfalfa plants showing striking yellow 
leaf markings (23) and vein clearing. Systemic iso- 
lates were not, however, limited exclusively to alfalfa 
exhibiting these symptoms. AMV was isolated from 
the tips of systemically infected bean and cowpea 
plants. and isolate 39 was identified serologically di- 
rectly from bean tip leaves. Isolates from the tip 
leaves of the plants were also used to guard against 
Infections from single lesions corroborated 
the evidence that there were no mixtures. All isolates 


from tobacco and were 


mixtures, 
were checked serologic ally 
shown to belong to the AM\ group. The 12 isolates 
used in cross-protection tests showed reactions con- 
sistent with the serological data. From the informa- 
tion gained in these tests, it appears that a convenient 
way to group isolates of AMV 
whether an isolate became systemic on either bean or 


would be to note 


cowpea or on both hosts. The systemic reaction, 
which sometimes requires about four weeks to appear, 
is easily repeatable between 70 and 80°F. 

In one experiment, bean and cowpea were inocu- 
lated with 35 collections of AMV-infected alfalfa plants 


showing a good cross section of symptom types. In 


TABLE 3. 


and their symptom expresstor on hean and 


Prevalence in Indiana of 35 isolates of {Vi 
cowpea 


Prevalence 


Type (%) Bean Cowpea 
l 10.0 Systemic Systemic 
9 56.7 Local Local 
} 16.7 Systemic Local 
} 6.6 Local Systemic 
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Papite 4.--Re ge arious 
veourt {VI homo 
Og f 4 / [ 
isolate {¢ 2 riace 
Antiger 
\( Sir 
Strain and \ | t ind endpo 
source ofeal) 
Indiana type Ore 0 
Indiana 39 } Oregor 0.7 
Beltsville isol Oy n Oj 
Yellow Patch C)re ! y i) 
Yellow Dot } Oregon | 0.75 
Yellow Mosaik Oreg 2( 0 
Dutch Virulent Oregon 24 07 
Dutch Avirulent ) Ore n 29 0.75 
Berkeley isol Oregon 30 0.75 
California 15 Oregon 32 50 
California 16 Oregor | 0.7 
Kreitlow Oregon 54 0.75 
Antigen prey iginal 
solution 
"Culture number the Catalogue and Registry 
of the Plant Viruses. 21 I 1959. Washington. D. ¢ 
Dr. J A. Milbrat! \ e of the Oregon strains have 
AC numbers 
Dr. R. W. Fultor 
Dr. W. J. Zaume I} \ rr ‘ rivinally 
from Dr. K. W. Keit 
Ir A. Rozend \ t nd ent refer 
symptoms produced on pota 
* Dr R. | Steere re ‘ n pure to Originally 
isolated by Dr. C. E. Y 
"Dr |. VW Oswald 
'Dr. K. W. Kreitlow 
Table 3 it can be s { t. from this kind of collection. 
isolates which give the same type of response, either 


local or systemic, on both bean and cowpea I ither than 


on either bear rr cownpe ire the most prev ilent 

Pel rological comparisor f geog! iph Cally isolated 
strains The plants nf ted with the isolates listed in 
Table 4 were harvested | davs after inoculation The 
sap was expressed. and preliminary serological tests 
indicated that all the sti reacted against our anti 
serum. Considerable svmptom differences were noted 
in tobacco, but sympto severity and virus content. 
as estimated by measuring the final vield of pure 
virus. were not nece related For example. a 
very severe strain sucl : alfalfa vellow mosaic virus 
produced only about one larter as much virus as did 
AC 109, a stra that prod es onlv n ild symptoms on 
tobacco. 

An evaluation of the 1 tivity of purified prepara 
tions of the vario with the ring-test indi 
cated that serological procedures short of cross ab- 
sorption or optimun ntigenk init determinations 


for differentiating 
Onlv 4 strains of the 24 
‘ ndpoints different 
\C-106 antiserun lt 


(20) probably would be idequate 


most strains tested showed 


tions with 


fron } 
t! non olos ous reac 


ippears that there probably 


is considerable serolog similarity among. strains 
differing in geographi rigin and pathogenicity 
Discussion. Ant xiv response was d in rabbits 
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immunized with AMY. In ability to produce anti- 
bodies. this virus could be grouped with such plant 
viruses as barley stripe mosaic (12), brome mosaic 
12). tobaeco ringspot (13). and tobacco necrosis 
(13 These viruses, when injected intramuscularly 


in an emulsion, give relatively short periods of maxi- 


mum antibedy production in contrast to cucumber 


(CV3) 


13). southern bean mosaic (13). 


ereen-mottle mosai (13). tobacco mosaic 


and potato X viruses 

13). which give 

Possible 

type have been disc ussed previously (12) 
Clearly. 

preferable to intravenous injections since high titers 

lasted 


long periods of maximum response, 


reasons for an antibody curve of the AMY 


intramuscular adjuvant injections were 


longer. In addition. as noted elsewhere (12). 


the intramuscular injections with adjuvant are much 


less troublesome than repeated intravenous injections, 
rhe ring-interface precipitin test proved very useful. 


Its advantages over the standard tube precipitin tests 


are its sensitivity (2), economy, and readability. In 


addition. since the antigen and antibody diffuse toward 
each other, the effects of excess of either solution are 
minimized, The ring-test appears to give results con- 


sistent with those found by complement fixation 


methods. vet it is a less laborious procedure. 

Zaitlin et 
certain orchid viruses. 
of healthy 


al (22 


reported using the ring-test with 
They found. using antigen free 
that 


over 20 


plant constituents, nonspecific reac- 


minutes when 
This effect is not, 


in our experience, Inherent in the method but might 


tions developed at periods 


chloroform-cleared sap Was tested. 
be explained by surmising that normal components of 
the orchids may have been precipitated by the clear- 
ing solvent. The ring-test has been used successfully 


with viruses obtained from plants and insects (3). 


There is every evidence that serological groups. 
which should be of inferior rank to the generally 


larger morphological groups in plant-virus classifica- 


tion. are the most easily usable units in virus identi- 
Although some animal viruses give hetero- 
found with the 


and the interpretive difficulties 


fication. 


philic reactions (5). none have been 
plant viruses as vet. 
encountered with some of the animal virus groups (4) 
Consequently, there can 


are not apparent at this time. 


be litthe doubt. as intimated elsewhere (15, 19) and 
that AM\ 
distinct and usable serological group. 
tests 
particles have a 


as indicated by our data, comprises a 
This conelusion 
cross- protection and by the 


AMY\ 


Is supported by 
that 


phology { Ll). 


observation unique mor- 


Our data show that semi-quantitative ring precipitin 
tests do not differentiate most AMV. This 


result is not surprising when one considers that some 


strains ot 


strains of tobacco mosaic virus cannot be differentiated 
by quantitative precipitin tests (8). However, as is 
the case with such strains of TMV. differences among 
the AMV could be 
cross-absorption tests (8) or on the basis of the 
(14, 20). 


laborious. 


strains probably determined by 


optimum antigenic unit These tests would 


necessarily be Examinations of the 


and sedimentation behavior of 2. widely 


morphology 
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AMV (AC-106,. AC-109) have 


differing isolates of 


shown no differences between them (2). For most 
purposes. the use of indicator plants for classifying 


strains or pathogenic groups is the most practical 


method. The criteria for forming such groups are, of 
course, subjective, but there is no good reason why 
thev cannot be standardized. For the different patho- 
genic groups of AMV, Milbrath and McWhorter (10) 
originally suggested that tomato may be a useful host 
but later (11) 


morphology on cowpea as the major 


recommended the use of lesion 
basis of dif- 
ferentiation. Our results indicate that the systemi 
reactions on bean and cowpea would be a broader and 
perhaps less equivocal method of differentiation than 
lesion description.— Department of Botany and Plant 
Purdue University, Lafayette: Department 


University of Nebraska. Lincoln: 


Pathology. 
of Plant Pathology. 
and Crops Research Division. Agricultural Research 


Service { ~~ Department of Agriculture 
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t wheat fields near rusted barberry bushes. During 
the 4 years 1950 ve, 42 races and sub 
races ippeare | | held C)ne race 16 Wis 
found each yea found in each of 3 vears, 
8 others in « I t 2 d 25 in | vear only 

The total vir hese 42 races and 
subraces is so gt t tha few commercial varieties 
of wheat in the nite State would be resistant 11 
ill the races were ! ecome vyidely pres ilent 
However. differ ibiiit vere ol 
served which mav pre t the rrenee ich a 
situation Race 6, | ple. tended to increas 
and become preva vk oh te 4 Seer 
whereas race BK h tende in the 
> vears In which It ind n this study, races 
$8 and 56 had « good survi bilit 


14. ISB, and 23 we ter liate ind races 235A 


18. 69. 








Re heris car 7 \I < isceptible to 
Puccinia  gramur P endemi th \ppa 
Highlands of \ 1 West Vir la, and 


lachian 


stem rust 


ire ibundant Not ) nv destructive local 
epidemics de ed with B 

densis, but the rey Stakmal d others ) 
through 15) show that es of P IMINLs 


Pers. var. ¢rit Erik & | He pecially 
numerous in suct ertain areas Penn 
svivania and New Y i s L. has 
escaped extensi | 47 lor 
example, all but 3 of t I te din the entire 
United States | tes, | iddi 
tion, 43 races and subr of whict ere not 
found elsewhere North A I 9 were solated 
from 3 wheat fields | t to barberry bushes in 
Pennsylvania in 1949 | role of barberry in the 
production of numer es lear, but little is 
known about the relative ability of the different races 
to multiply and spread from the initial infections on 
susceptible wheat near the bushes 

Che fact that many races are isolated from aecia or 
from uredia in the immediate vicinity of barberry 
bushes but not elsewher: ¢ ts that tl iv have 


10 


survival ability, either alone or 
Cassell (1) 


notably race 38, were able 


re latively low in asso- 


ciation with other races. found strong 


indications that some races, 
to develop well at a wider range of temperature than 
others when cultured alone in the greenhouse. Watson 
(16) and Loegering (2) found that the relative ability 
in mixtures on certain varieties of 


ol races to survive 


wheat that were apparently equally susceptible to the 


races in the mixture, differed with the combinations 
of races, the variety of wheat on which thev were 
grown, and possibly with certain environmental fac- 


tors. It therefore seemed desirable to study the spread 
ind relative survival of races near barberry in nature; 
iccordingly, intensive studies were made of collections 
barberries in Wythe County. 
1950-53. 

different farm 
study. In 1950 the field 
1951 to Thorne, and 
The fields were selected 


stem rust was found developing 


obtained near 
Virginia, in the 4 
Methods. 


field of wheat was chosen for 


of uredia 
successive years 
In each of the 4 vears a 
was sown to Fuleaster wheat. in 
in 1952 1953 to Vahart. 


in each case 


ind 
it Cause 
on a single clump of Berberis canadensis at one edge 


of the field. The infection on these bushes originated 


from telia that had developed during the previous 
vear on nearby cereals and grasses. In 1950 and 1952 
the bushes were on the north side, in 1951 on the 
west, and in 1953 on the south. 


Iwo sets of collections of uredia were made in each 


of these fields, along 7 axes radiating from the bushes 
fields (Fig. 1) 


through the The first collections were 


made near the barberry bushes shortly after uredia 
began to appear and before there was much chance 
for secondary spread, Collections were made at 10-ft. 
intervals along the 7 axes as far into the field as rust 


The 


resulted large ly 


found. uredia in these collections 


could 


sumably 


be 


pre- 


from infection by aes lospores 


from the adjacent barberry bushes. As the wheat 
neared maturity, a second set of collections was made 
at 100-ft. intervals along the axes as far into the 


field 
Was rede he d. 


indoubted|y 


edge of the field 
field at this time 


rust extended or until the 


Most of the 
resulted 


is the 


rust in the 


Irom intections by urediospores 


descended from the aeciospores that caused the pri- 
mary infections, although a small amount may have 
resulted from direct intection by aeciospores \| 
though the collections were made according to a 


probably 


samples of the 


predetermined pattern, they were numerous 


enough to comprise adequate popula- 
tion of 


Phe 


relative 


races, 
the 


occurring 


principal objective was to determine 
commonly 
rather the total 

the therefore the 


method was used in establishing cultures in the green- 


prevalence of the 
than to 
collections: 


more 


determine number of 


races 
races in following 
house. [The collections were sent to the Cooperative 
Rust 
ling plants of Litthe Club wheat were inoculated from 


Laboratory at St. Paul, Minnesota. where seed- 
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/ ~~ \—BARBERRY BUSHES 
¢___ AREA OF FIRST SAMPLING 


Diagram of the 1950 wheat field, which illus 


Fig. Il. 


trates the sampling plan for making uredial collections in 


the 4 different spreads of rust from barberry. Early-genera 
tion uredia were collected at 10-ft. intervals along axes 
A—G in “area of first sampling,” and _ later-generation 


uredia were collected at 100-ft. intervals along axes A—G., 
each collection and several single-pustule cultures 
were established from the resulting uredia. Race 


identifications were made of each single-pustule cul- 
ture.! In only a few cases was more than one race 
obtained from each culture thus established. 

The methods used were not entirely satisfactory for 
several reasons: 1) the races in the aecia on barberry 
were not determined; 2) studies were not made on 
the possible screening effect of wheat on aeclospore 
infections in the field; 3) the barberries should have 
been destroyed when the first set of collections were 
made to prevent further dissemination of aeciospores; 
$) it is doubtful whether the number of single-pustule 
isolates was adequate in any year except 1950, Despite 
data 


sions about the races that spread from barberries and 


these inadequacies, the permit certain conclu 


the relative survival ability of certain of these races. 

Results. T he 
studied in the first and second sets of collections in 
1950 was 120 and 105: in 1951. 59 and 34: in 1952. 


number of single-pustule cultures 


Race identifications were based on the key by E. ¢ 
Stakman, M. N. Levine. and W. Q. Loegering. Identifica 
tion of physiologic races of Puccinia graminis tritici 
U.S. D. A. Bureau of Entom. and Plant Quar. E-617. 1944 


Since that key was published, the term subrace has been 
substituted for the term biotype. The latter term is now 
restricted to cultures derived from single urediospores ot 


aec lospore < 
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43 and 26; and in 1953, 17 and 62 for a total of 466 
cultures, 

During the 4-year study 42 races 
were identified from the collections 
made in the 4 fields (Table 1). Undoubtedly, many 
more would have been found if the method of studying 
the collections had been espec ially designed for this 
Among the identified 
there were many that are very similar, such as 23, 23A, 
23B, 59, 59A, 59B, and 59C; I5B; 14 and 
14A. The fact that so many recognizable races and 
subraces were isolated from the 4 fields demonstrates 
the role of barberries in unlocking the potential in 
Puccinia tritici for recombination of 
genes for virulence on wheat. If all the races and 
subraces identified in this study were to become preva- 
lent at one time, it would be very difficult to develop 


Races identified. 
and subraces 


purpose. races and subraces 


15 and 


graminis var. 


and maintain stem-rust-resistant wheat varieties. 

Of the 42 races and subraces identified, only race 
56 was identified one or more times in all 4 fields, 8 
races and subraces (11, 14, 15B, 17, 59, 59A, 59B, 


identified from 3 fields, and 8 other 


and 69) were 

races (19, 23, 32, 33, 38, 48. 139, and 186) were 
identified in 2 different fields. whereas the other 25 
races and subraces were found in only 1 field, 


Relative survival of The data obtained in 


this study with respect to the relative survival of the 


TraceS, 


races making up the population spreading from the 
barberry may be analyzed in two ways. One is to 
compare the number of races in the two sets of col- 
lections obtained from each field. and the other is to 
compare the relative prevalence of the more commonly 
occurring races in the two sets of collections. 
Theoretically, fewer races should be obtained pro- 
portionately in the second set of collections than in 
the first; 
be higher. In 
the first set of collections was 5.0: 1 and in the second 
set 5.8:1; in 195] it was 4.5:1 and 4.3:1: in 1952 
it was 3.3:1 and 2.4:1; and in 1953 it was 3.4:1 and 
8.9:1. Thus, 
difference between the ratios of races to cultures in 


hence, the ratio of cultures to races should 
1950 the ratio of cultures to races in 


only in 1953 was there an appreciable 


the two sets of collections, but these data are prob- 
ably 


from the first set of collections. 


inadequate since only 17 cultures were studied 


The above results were to be expected since the 


methods used (single-pustule sub-cultures) were not 
designed to study the number of races but to deter- 
mine the prevalence of the more commonly occurring 
races in a population. For the purposes of this study 
a race is considered to be common in a population if 
identified in than the 
cultures to races, 1950. a 
been identified 6 or more times in either set of collec- 
1951, 5 or 
more times in the first set of collections 
and in 1953, 4 or 


more times in the first set of collections and 9 or more 


it is more cultures ratio of 


Thus, in race must have 


tions: in more times in either set; in 
1952. 4 or 


and 3 or more times in the second: 


times in the second. By these criteria, 11 races and 
subraces (14, 15B, 23, 23A, 38, 48, 56, 59, 59A, 69, 
and 186A) occurred commonly in one or more of the 
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populations F 1950 the more commonly isolated 1951 and 1953 also. In none of the 3 years did it 
races and subraces were 14, 23, 23A, 56, 59, 59A, and — show any tendency to increase or decrease appreciably. 
I86A; in 1951 they were 59, 59A, and 69; in 1952. Thus this race spread from barberry but was barely 
they were 15B, 38. 48, 5¢ 9, and 59A ind in 1953 able to maintain itself. 
they were 38 and 56 Race 38 was common in 1952 and 1953. In 1952 
Race 14 was commo) 1950 only and constituted it constituted a relatively small percentage of the 
6.7% of the cultures in the first set of collections but early cultures and showed a slight tendency to in- 
only 0.8° in the second set. It was found also in crease in prevalence later. In 1953 it was not found 
1951 and 1952 but showed no tendency to become in the first set of collections but constituted 30.6°7 of 
more prevalent In the econd set of collections Thus the cultures in the second set. 
while race 14 spread fro the barberrv in 3 years. Race 48 was common only in 1952. when it was 
and in | year comme it appears to have little found in the first set of collections but not in the 
survival ability in relation to other races second set; therefore. it apparently had low survival 
Race 15B was common in 1952 and was present in — ability. 
Pane | Vumbe tule cultures of phystologic races and subraces of Puccinia graminis tritici isolated from 
ollections 1 Z 1950 5] 152, and 1953 in fields of wheat to which rust had spread from 


Q5] 1952 1953 
No. years 


or subrace | I lat Kar I ate Early Late identified 


- 
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A number marked with a isterisk indicates that the race occurred commonly. <A race is considered to be com- 
mon if it occurred more often than the ratio of cultures to races in a particular year and set of collections 
"NR signifies a “new race ne not described in the 1944 key to races. 
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Race 56 was common in 1950. 1952. and 1953. In 
1950 it increased from 0.86 of the cultures in the 
first set of collections to 52.4% in the second; in 1952 
it increased from 4.7 to 27.0° , whereas in 1953 it 
decreased slightly. from 70.6 to 50.0%. In the last 
vear, however, because only 17 cultures were studied 
in the first set of collections. the apparent decrease 
cannot be considered significant. 

Race 59 and subrace 59A were common in 1950, 
1951. and 1952. In 1950 race 59 was about equally 
prevalent in both sets of collections, while subrace 
59A constituted 14.2% of the cultures in the first set 
of collections but only 1.9% in the second. In 1951 
59 decreased from 
of the isolates in the first set of collections to 


the reverse was true. when race 
11.9% 
5.9¢> in the second, whereas subrace 59A more than 
held its own. In 59 and 59A each con- 
stituted 18.6°7 of the cultures in the first set of 
collections but 0.0 and 3.9, respectively, in the second. 


l 952. races 


Thus, it appears that differences in the climate o1 
the wheat variety in the 3 years differentially affected 
the survival of this race and subrace. 

Races 23 and 23A were common in 1950 and _ be- 
haved in the same manner as 59 and 59A, respectively. 
These 4 races and subraces are very similar. The race 
59 group produces a type “X” infection on the differ- 


»” 


ential wheat variety Kubanka. whereas the race 23 


group produces a type “4.” On the differential variety 
“0” infections 


but subraces 23A and 59A_ produce type “2” 


Reliance races 23 and 59 produce type 
infec- 
tions: otherwise, they produce the same infection 
types on the other 10 differential varieties. 

Race 69 constituted 15.367 of the isolates in the 
first set of collections in 195] but was not found in 
the second set. A few isolates of this race were also 
found in the first sets of collections in 1950 and 1952 
but not at all in the second sets. It thus seems quite 
clear that race 69 has poor survival ability. 

Subrace 186A constituted 8.367 of the cultures in 
the first set of collections in 1950 but was not found 
in the second set. This subrace was not found in any 
of the other 


race with poor survival ability. 


years. This again is an example of a 
It is also interesting 
that this subrace is differentiated from race 186 in 
the same manner as 59A is differentiated from 59. It 
will be 59A. and 186A all 


decreased sharply in prevalence in 1950. 


noted that subraces 23A. 


Discussion. Forty-two races and = subraces were 
identified from uredial collections made in 4 fields of 
wheat that had been infected by aecia from barberries 
along one edge of the field. This demonstrates the 


great diversity in the race population of Puccinia 


graminis var. tritici that can result from recombina- 
tion of factors for pathogenicity on the barberry. This 
extensive population of races was obtained in spite 
of the fact that the methods used in studying the 
collections were designed to keep this well-known 
fact from clouding the particular objective of the 
study, survival of the races. This diversity of races is 
important because it is known that all or nearly all 


commercial varieties of wheat would be susceptible 
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to one or more of the races isolated. 

There was a definite tendency for certain of the 42 
races to predominate in the collections. Race 56 was 
found in all 4 fields, whereas 8 other races were found 
in 3 of the 4 fields. It is entirely possible that the 
phenotypes represented by these races resulted from 
combinations of dominant genes for pathogenicity; 
however, another explanation is that certain genes 
for pathogenicity were of more common occurrence 
in the telia that contributed to the development of 
aeciospores on the barberry. Actually, it is likely 
that both dominance and the more common occurrence 
of certain genes account for the development of cer- 
tain races in several years or in relatively large 
numbers in any one year of the study. 

It is evident from comparisons of the prevalence of 
common races in the first and second sets of collec- 
tions that there are differences in the relative ability 
of the barberry to survive or 
spread on varieties of wheat that appear susceptible 


In the 4 years races 38 and 56 demon- 


races produced on 
to all races, 
strated special capability to survive. while races 23A, 
18, 69, and 186A lacked this capability. Races 14, 
15B, and 23 were intermediate in this respect. There 
is evidence that the ability of race 59 and subrace 59A 
to survive can be affected by the components of the 
environment such as climate and host variety. 

The ability of certain races to survive and increase 
in mixed race populations is undoubtedly controlled 
by genetic factors, just as pathogenicity is controlled 
is important, therefore, to distinguish 
effects of 
ability of a race to survive and spread on susceptible 


by genes. It 
between the screening varieties and the 
hosts when associated with other races, which, for 
convenience, is designated as “survival ability.” The 
total survival ability of a race in a large area depends 
on the number of varieties of wheat and other hosts 
on which it can develop, its ability to survive in mixed 
populations of races, and its ability to develop under 
different meteorologic conditions. Since the varieties 
of wheat in the present study were generally suscep- 
tible, the term survival ability. as used here, does not 
include host range and virulence. but ability to in- 
crease and spread in mixed populations of races on 
susceptible wheats under the meteorologic conditions 
that prevailed. For example. race 69 has poor ability 
to survive and race 56 has excellent survival ability: 
however, if these 2 races were cultured together on 
Vernal emmer, which is resistant to race 56 but sus- 
ceptible to race 69, it is obvious that race 56 would 
quickly be screened from the mixture. Screening 
effect can be further illustrated by the differences 
between races 15B and 38. In the 1953 study, race 38 
increased on Vahart from 0.0 to 30.6% of the cultures, 
whereas race 15B only held its own. In the same year. 
in the whole United States (15), race 15B composed 
63.2% and race 38 only 7.4% 
The high prevalence of 15B was not due to its greater 


of all uredial isolates. 


“survival ability.” which actually appears inferior to 
that of race 38, but to the known ability of race 15B 


to attack nearly all commercial varieties of wheat 








then grown, whereas race 38 could attack only a few 
of them and was therefore screened out of the popu- 
lation to a considerable extent. It is evident that a 
distinction must be made between genes for virulence 
and those for ability to grow and reproduce rapidly. 
It is fortunate that some virulent races tend to become 
suppressed or eliminated when they occur in rust 
populations comprising numerous races such as those 
near barberry bushes.._Department of Plant Pathology 
and Physiology. Virginia Agri iltural | xperiment Sta- 


tion, Blacksburg: Division of Plant Pathology and Bot- 
any, University of Minnesota. St. Paul 1: and Plant 


Pest Control and ( rops Rese irch Branches. Agricul- 


tural Research Service United States Department ot 

Agriculture, Roanoke. Virginia. and Beltsville. Marvy- 

land. 
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gestions 


St MMARY 


Field studies on the inheritance of resistance to 
Fusarium wilt, Fusarium oxysporum f. vasinfectum, 
in Upland, Gossypium hirsutum, and Sea Island, 
G. barbadense, cottons were complicated by high 
populations of root-knot nematodes, Meloidogyne 
incognita var. acrita. Clear-cut genetic ratios for 


UNDER FIELD CONDITIONS 


B. Dick 


Fusarium resistance factors were obtained only by 
reducing the nematode population with low-level 
applications of nematocide. Wilt resistance in 
Upland cotton was controlled by a major dominant 
gene with modifying genes for Fusarium resistance 


by additional genes determining root-knot 


nematode resistance. Fusarium resistance in Sea 
Island cotton was controlled by two dominant 
genes, which were additive in effect and gave a 
high degree of resistance. Onlv one of the genes 
in Sea Island cotton was sucessfully transferred to 
Upland cotton. 
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Introduction.— Fusarium wilt, caused by Fusarium 
vasinfectum (Atk.) Snyd. & Hans. has 
been the most serious disease of Upland, Gossypium 
and Sea Island, G. barbadense L.., 
Losses from wilt have 


oxysporum f, 
hirsutum L., cottons 
in the Southeastern States. 
been greatly reduced by growing resistant varieties. 
Data on the inheritance of resistance are important 
in making further improvement in commercial varie- 
ties. Investigation of the inheritance of resistance to 
Fusarium wilt was complicated by the relationship of 
nematodes to the disease. Nematode injury provides 
a means of entry for the pathogen into the vascular 
tissue of the host (11). Nematodes also increase host 
susceptibility in later stages of plant development. 
and a part of the wilt resistance in the more resistant 
commercial varieties can be attributed to their re- 
sistance to root-knot nematodes (10). 

The 3 species of nematodes that have been impli- 
reniform 


cated in the wilt-nematode complex are 


nematode, Rotvlenchulus reniformis Linford & Oliviera 


(9): sting nematode, Belonolaimus gracilis Steiner 
3): and two types of root-knot nematode, Meloido 
gyvne incognita (Kofoid & White) Chitwood and Vv. 
incognita var. acrita Chitwood (8). The last-named 


is believed to be more widely distributed and more 
important in the wilt relationship than the other three 
combined. An abstract of this study on the inheritance 
of resistance to Fusarium wilt in Upland and Sea Is 
land cottons has been published 13) 


Fahmy (1) 


America, 


concluded that cotton wilt fungi from 
Egypt, and India were distinct varieties of 
F. vasinfectum. It appeared from his data (2) that 
the inheritance of wilt resistance in Egyptian varieties 
of G. barbadense was determined by one dominant 


Kulkarni 


7) found that Fusarium resistance in G. herbaceum 


major gene and one or more minor genes. 


L. in India was determined monofactorially and that 
resistance was dominant. Kelkar et al (6), also using 
the Indian Fusarium, reported that resistance in G. 
arboreum L. was determined by 2 dominant, comple 
mentary genes and a third gene with inhibitory re 
tions, 


In America, Jenkins et al (4) 
resistance was dominant. In Upland. Hopi. Sea Island. 


determined that 
and Egyptian crosses, the F, populations were as 
resistant as the more resistant parent. The F, crosses 
of Egyptian or Sea Island with susceptible Uplands 
Smith and Ballard (12 


reported resistant. susceptible, and segregating lines 


were essentially immune. 
of Upland Empire among selfed lines developed on 
Fusarium-wilt-free soil. Their data suggested single- 
factor inheritance in Upland cotton. Jones (5) found 
that one 
accounted for resistance in the F, of a Delfos 425 

Half and Half cross. In F, lines, a deficiency of 


parental genotypes plus a continuous distribution of 


major gene with absence of dominance 


F. means was found. Jones suggested that modifying 
genes in addition to the major gene accounted for 
wilt resistance. 

Materials and methods.—Studies were conducted 
in the field, where environmental factors could not 


RESISTANCE TO FUSARIUM WILT COMPLICATED BY NEMATODES 45 


be controlled, because greenhouse techniques for 
evaluating resistance to wilt in segregating popula- 
The Upland parents 
used in this study were Cook 307 and Hurleys Row- 


den, hereinafter called Cook and Rowden. For many 


tions had not been developed. 


years Cook has been considered one of the most 
nematode- and wilt-resistant Upland cottons developed 
in the Southeast. 
Fusarium wilt and root-knot nematodes. 


Rowden is highly susceptible to both 
Selfing was 
begun in 1940 in Rowden and earlier in Cook. Selfs 
and crosses were made each year with Cook and 
Rowden, so that the parental lines, F,, F,, and back- 
Three 


crosses could be grown the following year. 


families from the same parental sources were estab- 
lished early in the study. Although, with continued 
selfing, Fusarium resistance was well fixed in Cook, 
some divergence in Fusarium or root-knot nematode 
resistance tended to make families 2 and 3 somewhat 
more Fusarium-wilt-susceptible than family 1. 
Seabrook, a variety of Sea Island essentially im- 
mune to wilt, was crossed with Rowden as the suscep- 
tible parent. This interspecific cross was not grown 
beyond the F 


tion and production of some sterile plants. 


generation, because of its wide segrega- 
However, 
for study of the inheritance of resistance, this cross 
is considered satisfactory; Stephens, however, found 
that considerable selective elimination of the donor 
genotype may occur in backecrosses involving these 2 
species (14). 

The experimental material was planted at the Plant 
Breeding Unit, near Tallassee, Alabama, in an alluvial 
soil classified as Cahaba loamy fine sand and heavily 
infested with nematodes and the Fusarium wilt fungus. 
From 1949 to 1953, preplanting applications of 1-14 
ml of 40° 
foot of row were made to control nematodes partially. 


ethylene dibromide fumigant per linear 
Probably the only nematode involved in the wilt rela- 
tionship was the cotton root-knot nematode, V. incog- 
nita acrita, although several other species parasitic on 
cotton were abundant. Plants showing wilt symptoms 


were removed at intervals through the growing season, 
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Fig. 1. Seasonal development of Fusarium wilt in an 


inheritance family of the cross Cook Rowden. The soil 
was heavily infested with root-knot nematode, and wilt 
incidence was severe. 1947 
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ral involved. The Row- 


TasLe 1.—Wilt ( Rowden cross genetic factors were 
1950 and den backcross was only slightly more resistant than 
1951 1952 Rowden. Seed were not available for testing the back- 
om PERS eross to Cook. There was no evidence of simple 
Parent ret ratios genetic ratios as reported by other workers (2, 6, 7). 
or family nw/w P nw/w)* p This lack of agreement was apparently the result of 
ee high nematode populations at this location. 
ee y a ‘ ; 5 The rapid ine rease in per cent wilt from September 
Tile 9 1 to October 7, as shown in Fig. 1. may have been 
CXR. F 5/0 10/6 related to increased nematode populations and sea- 
( xR, re 216/ i 20-0 146 “4 v-oV sonal decline of the plants. However. in the absence 
“ er 3; <P ites t. 7 me of conclusive data or satisfactory explanation of this 
Family 2 occurrence, September | was set as the last date for 
CXR, F, 9/16 65/2 : recording data in subsequent years. 
‘ «RK, I : W)6/21 a 130/41 a ne In 1949, soil fumigation reduced nematode popula- 
> ' 4 ae 12 ay - 1 — tions and the incidence of Fusarium wilt. Differentia- 
Family 3 tion of the 2 parental lines was satisfactory. All Cook 
( a 104 l4 plants remained free of wilt symptoms. and all Row- 
cxe Fs R +4, ra 99/3 re den plants were killed by the disease. 
(CXR) sce fable 1 shows the results obtained with 3 families 
of Cook Rowden in 1950 and 1952. Despite the 
ee ene ae —_ number of  @pplication of soil fumigant, wilt incidence was too 
wilted (w) plants high to determine genetic ratios in 1951 and 1953. 
bs] ratio expectes tor hypotl In all 3 families the behavior of the 2 parental lines 
I:1 ratio expect _— was as expected, and the data were pooled. The F 
crosses varied from fully resistant to about 34°7 sus- 
from June | to September except in 1947, when the ceptible. However, the data are considered as indica- 
last data were recorded on October Families con- tive of full dominance, particularly in view of the 
sisting of the two parents and | k ind backcross performance of Cook backcrosses. which were con- 
progenies were randomized complete blocks with — sistently resistant or showed only slight wilting. 
1-12 replications, the number varying with seed rhree of the 6 F populations gave P values ( proba- 
availability. The blocks were also randomized within bility of Chi-squares) indicating that resistance was 
the replication. Plots were 30 feet long and contained determined by a single gene pair with resistance 
a maximum of about 40 plants. To give a large popu dominant. The Rowden backerosses gave P values 
lation, F, progenies were planted in several plots in — slightly lower than did the F populations, as a result 
each block. The parental lines were maintained and of the introduction of additional root-knot suscepti- 
the crosses made at Auburn, where Fusarium wilt bility factors from Rowden. In comparison with 
was of minor importance family 1, the excessive numbers of wilted plants in 
Experimental results. /) tance of resistane families 2 and 3 in 1950 may be attributed to minor 
in G. hirsutum.—Fig. 1 shows the seasonal develop gene differences for Fusarium resistance between the 
ment of wilt in the Cook and Rowden parental lines Cook parents or possibly to gene differences in root- 
and in the F,, F., and the backcross to Rowden for knot nematode resistance. 
1947. The parental lines performed essentially as Seventy-eight F. plant populations selected at ran- 
expected. The intermediate susceptibility of the Cook dom from the F., of families 1 and 2 were tested in 
Rowden F. suggested the absence of dominance. 1953. Cook showed no wilt. whereas Rowden showed 
The paralleling of the F, and F,, populations suggested 91.0 and 87.7¢ respectively, in families 1 and 2. 
Taste 2.—Wilt inheritance Seabro Rou ross, 1950-52 
} 195] 1952 
() Observed Observed 
Parent variety ra ratio ratio 
of hybrid w/w P wow) P (nw/w)* r 
Seabrook 6 ( 90.0 Ww 0 
Rowden 0/64 0/95 1/88 
Sx R. F ( 2 0 520 
ne F 112 10—.05 107/13 05—.02” 57/2 50-.30" 
(SxR)xR l6/] 05—.02 65/35 05—.02 95/19 .90—.80 
(Sx R)xS Q () 15/0 
‘Ratios are number n-wilte nw) to number of wilted (w) plants. 
"15:1 ratio expected 2-{ y pothesis 
3:1 ratio expected for 2-fa hy pothesi 





<a ener anne 





ee er 











50 


Low- 
han 
ack- 
iple 


| of 


ber 
een 
sea- 
nee 
his 
for 


ila- 
‘la- 
ok 


W- 











January. 1°60 SMITH AND DICK: RESISTANCE TO FLSARILM WILT COMPLICATED BY NEMATODES 47 


Thirteen per cent of the populations were as resistant 
as Cook, and 12% were as sus eptible as Rowden. 
Eighteen of the 78 populations had less than 10% 
wilt. The remaining populations showed a continuous 
variation in percentage wilt. No clear separation 
could be made between homozygous or heterozygous 
resistant and susceptible classes. The continuous 
variation in the wilt percentages was attributed to 
the segregation of both Fusarium and root-knot re- 
sistance genes. Root-knot resistance is inherited re- 
cessively (11, 15) and the senior writer's unpublished 
data indicate that 3 or more genes are involved. 
Jones (5) suggested that modifying genes in addition 
to a major gene accounted for the continuous distri- 
bution of the wilt means and a deficiency of parental 
genotypes in F. lines. The writers’ results also indi- 
cate the possibility of modifiers in the Cook « Row- 
den cross. However, the relation of nematodes to 
wilt incidence made it dificult to separate the effects 
of the major gene for Fusarium resistance from its 
modifiers and the indirect effect of multiple genes 
for nematode resistance. 

Inheritance of resistance in G. barbadense.—Table 
2 shows the results obtained from a Seabrook (Sea 
Island) ™* Rowden (Upland) interspecific cross in 
1950 to 1952. Nematode populations and wilt inci- 
dence were too high in 1953 to obtain genetic data. 
In the Seabrook 


that 2 dominant factors determine resistance to 


Fusarium. The behavior of the 2 parental lines and 


Rowden cross. the data indicate 


the F. was as expected. There was an excess of 
wilted plants in the F, and Rowden backcross proge- 
nies in both 1950 and 1951. This was attributed to 
the introduction of additional root-knot susceptibility 
factors from the Rowden parent, which was more 
susceptible to root-knot than Seabrook. Fusarium 
resistance in Seabrook was far superior to Upland 
resistance, suggesting that the two genes are additive 
in effect. 

Transfer of Fusarium resistance from G. barbadense 
to G. hirsutum.—Transfer of the high Fusarium re- 
sistance of Seabrook to improve Upland commercial 
varieties was attempted by crossing Seabrook with 
Stoneville 2B and backcrossing twice to Stoneville 2B. 
Stoneville 2B was susceptible to Fusarium and slightly 
more tolerant to root-knot nematode than Rowden. 
Three F, 
Fusarium resistance. crossed with Rowden, and tested 
for wilt reaction in 1952. The results of this test 


lines of this hybrid were stabilized for 


(Table 3) indicate that resistances were determined 
by a single dominant factor. Thus. only one of the 
two resistance genes in G. barbadense was transferred 
in this cross. Although the trial was on a limited 
basis. it indicated that some difficulty may be encoun- 
tered in transferring the 2 factors from G. barbadense 
to G. hirsutum. 

Discussion._-_This investigation emphasized the im- 
portance of the root-knot nematode relationship to 
Fusarium wilt in cotton and indicated the geneti: 


basis on which breeding programs should be pro- 


Taste 3.—Wilt inheritance in the cross SSSS* «K Rowden, 


1952 
Observed ratios 

Parent or hybrid nw/w P 
SSSS 88/0 
Rowden 14/103 
SSSS x R, F: 60/0 
SSSS x R, F. 180/69 .05—.02 
[SSSS x R] x R 45/30 .10-.05" 
[SSSS x R] x SSSS 45/3 


*SSSS refers to Seabrook Stoneville 2B backcrossed 


twice to Stoneville 2B. 
* Ratios are number of non-wilted (nw) to number of 
wilted (w) plants. 
3:1 ratio expected for single-factor hypothesis. 
1:1 ratio expected for single-factor hypothesis. 


i 


jected. Initially, the wilt reaction of Upland cotton 
suggested that multiple factors were involved in con- 
trolling resistance to Fusarium wilt. However. by 
reducing the root-knot nematode population with ap- 
plic ations of ethylene dibromide, wilting was indirectly 
lowered to a level permitting identification of a single 
dominant factor for Fusarium resistance. The family 
year interactions, which in 1951 and 1953 showed 
an excess of wilted plants over the expected, again 
emphasized that root-knot populations were an im- 
portant factor in wilt incidence. Further, the intro- 
duction of root-knot-susceptible genes in Rowden 
crosses resulted in an excess of wilted plants bevond 
that expected in most 1950 and 1952 populations. The 
resistance of Cook to root-knot probably accounts for 
its greater wilt resistance, but minor genes for 
fusarium resistance may be of importance. 

Seabrook, Sea Island, was practically immune to 
Fusarium wilt, but it was more susceptible to root- 
knot nematode than Cook. This indicated that the two 
cenes for Fusarium resistance in Seabrook gave 
greater resistance to wilt than the single Fusarium- 
resistance gene plus the root-knot-resistance genes in 
Cook. 

The data obtained in the transfer of a Fusarium 
resistance gene from Sea Island to Upland may have 
a possible bearing on the origin of Fusarium resistance 
in G. hirsutum. In a personal communication, S. G. 
Stevens suggested that evolutionary information indi- 
cates that Fusarium resistance in G. hirsutum might 
have been derived from G. barbadense. 

In a breeding program, the usual backeross ap- 
proach is satisfactory where new characters are being 
transferred to established commercial wilt-resistant 
varieties. The transfer of wilt resistance to suscep- 
tible varietal types requires selfing and selection after 
each backcross to recover the recessive genes for 
root-knot resistance. Current commercial varieties 
have been developed largely from advanced genera- 
tions of first crosses or from only one backcross 
followed by intensive selection on infested soils.—De- 
partment of Agronomy and Soils. Agricultural Experi- 
ment Station. Alabama Polytechnic Institute. Auburn. 
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. ARY 
lec hniques have beet if veloped for inoculating 

large numbers of pine seedlings with fusiform rust. 
Cotyledonary slash pine seedlings in nursery beds 
were inoculated by placi telia-bearing oak leaves 
over them and maintaining high humidity for 72 
hours; infection was through the needles, with a 
close correlation between needle spotting and later 
developing stem ills One-vear-old seedlings were 
inoculated by wrappir the new growth in telia 
bearing oak leaves and maintaining high humidity 
for 72 hours, and also by inserting telia into new 
stem tissue: infection directly into the stem 
by both methods 

Although tusiforn rust (Cronartin fusiforme 


(A. & K.) Hedge. & Hu 
ous disease ot slash pine pP s 


Little & 


information ts 


s probably the most seri- 
elliottt 
little 


early symptomatology and 


” 
rottit var 


Dorman) throughout its natural range. 


ivailable or 
scale experi 


inoculation techniques suitable for large 


ments as in testing tor rust resistance in a genetics 


program. Research on these 
Methods plants 


were nursery-grown slash pine seedlings of two ages 
3 to 6 weeks, 


subjects is reported here. 


and materials... The experimental 


and | year, the ages at which progenies 
from breeding programs will probably be first tested 
naturally 
Quercus nigra 9 


resistance. Inoculum consisted ot 


fresh oak 
bearing sporidia-producing 


for rust 
infected 


le ives mostly 

tella 
! . 

Inocklation of seedling-stage plants During the 


early spring of 1956, local slash pine bulk seed was 
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INGS WITH CRONARTIUM 
Jewe I] 


PLUSIFORMI 


sown at the rate of 60 seeds per sq. ft. in six 4 4ft. 
nursery beds in southern Mississippi. The seedlings 
were inoculated when about 30 days old, ie.. when 


cotyledons were well developed. Inox ulation chambers 
canvas tents fitted over 
(Fig. 1-AB). Small oak branches 
the so that the attached 


lum-bearing leaves formed a canopy over the seedlings 


(Fig. 1-A). 


were single- or double-frame 
the individual beds 


were inserted in soil inocu- 


Humidity near the saturation point and tempera- 
tures of 16 26°C for a minimum of 18 hours have 
been reported necessary for C. fustforme sporidial 


production and infection of pine (2). In attempts to 


produce such conditions, a water mist was applied 
over the seedlings and inoculum in the 
the first 8 the 
Water was also constantly sprayed on the outside of 
the single tent the lavers of the 
double tent. \ 
iround the single-frame tent to prevent wind-blowing 
Fig. 1-A.B shows details of the 


spray system. The tents were kept over the seedlings 


intermittently 


tents during hours of experiments, 


cover and betwe en 


large cove’) was necessary 


burlap 
of the external water. 


for 72 hours. Each tent was used to inoculate 2 beds, 
Four 


weeks after inoculation the bed densities were reduced 


with 2 additional beds left untreated as checks. 


to about 30 plants per sq. ft. to allow more growing 


space pel! plant. 

In 1957 two 4 t-ft. beds of 4-6-week-old slash pine 
seedlings from bulk seed were thinned to about 20-30 
ft. after inoculation under 
\ third bed was left untreated. 


seedlings per sq. the single 
tent. 

All seedlings were lifted when about 9 months old, 
and rust infection was tallied on the basis of the for- 


mation of typical fusiform galls on the lower stems. 
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Inoculation of yearling plants.—Three methods of 
inoculation were applied to individual slash pine 
seedlings potted after 1 year in the nursery bed. 

1) Oak-leaf wrap (Fig. 1-C).—The new flush of 
growth on 80 plants was wrapped in infected oak 
leaves. On 40 of the plants the inoculum was wrapped 
in absorbent cotton kept moist by hand spraying. 
Seedlings were stored in a lath-house, the oak leaves 
and cotton being removed after 72 hours. The re- 
maining 40 plants were placed for 72 hours in a large 
moist chamber (Fig. 1-D) over which water was 
sprayed constantly, The oak leaves were then taken 
off and the plants removed to the lath-house. 

2) Sporidial spray. \ suspension ot sporidia, 
made by soaking 5 telia/ml of distilled water, was 
sprayed with an atomizer on the previously moistened 
new flush of growth (including needles) of 10 slash 
pines, which were then placed in the lath-house for 
incubation and observation. No count or viability 
check was made of sporidia in the suspension. 

3) Telial insertion—Under a dissecting micro- 
scope. sporidia-producing telial columns or small 
telial-bearing pieces of oak leaves were inserted into 


4 


Fig. 1. A) Single tent frame with inoculum in place. 
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slits and V-shaped cuts, respectively, in new and old 
stem portions of 18 plants. On three similar plants, 
slits were made in the new stem growth but no in- 
oculum was introduced. This method is similar to 
that used by Hedgecock and Siggers (1). 

1) Checks.—Twenty potted slash pines were placed 
in the lath-house for determining how much infection 
occurred naturally, 

Results.— About 4—6 weeks after inoculation, small 
red to green-red mottled spots and bands with and 
without definite margins were noted on the cotyledons 
of a majority of the inoculated seedlings (Fig. 2-C). 
Microscopic examination of hand sections through a 
large number of these spots revealed typical Cronar- 
tium mycelium. 

Table 1 shows the amount of needle spotting at 4-6 
weeks and the number of stem galls at 8 months afte1 
inoculation. Typical galls are shown in Fig. 2-E. 
There was no significant difference in the effectiveness 
of the double and single tents. Both resulted in a 
high degree of infection. 

The results of the various methods used on the 1-0 
slash pine stock are given in Table 2. The most suc- 





B) Double tent frame; note spray system. C) Oak-leaf wrap 


with 1-0 stock with and without cotton covering. DD) Chamber used for inoculating 1-0 stock. 
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Taste 1.—Number of surviving slash pine seedlings and percent of plants with needle spots and rust galls after 
inoculation with Cronartium fusiforme 
16 weeks 8 months 
ifter inoculation after inoculation 
tir nu 1) 
Inoculation meth ! ints Numbet plants ; plants Number plants ao plants 
and date ilate surviving galled surviving galled 


Double tent 


April 9-12, 195¢ 63 177 98 $42 87 
April 20—23, 1955 h4 lo4 69 $59 7] 
Check 174 9 156 2 
Single tent 
April 10-13, 19 )2 185 89 472 v4 
April 20-23. 1956 4 sR? 85 76 86 
(Check ou 19] ) 82 3 
April 19-22, 195 ) 325 89 306 82 
May 3-6. 19 L3¢ 233 10 233 33 
Check 643 352 } S50 5 
cessful method w wrapping new shoot growth of months after inoculation, and all were in the stem 
the plants with oak leave With this method. symp- area originally wrapped. The swellings varied some- 
toms of infection appeared about 8-10 weeks afte what in size and shape. In some pines. several infee- 
inoculation. hese “ymptoms which occurred on the tions coalesced to form a large swelling (Fig 2) 
stem only, were purplish to blue-purple blotches with while others had galls considered typical of single 
indefinite margins that varied from a few millimeters infections (Fig. 2-B). The successful infections trom 
in length and diameter to mm lon Rarely did telial insertions occurred only on the new shoot 
these symptoms occur around the entire circumference growth. The infections became obvious at the same 
of the stem time as those from the wrapping technique. but ap- 
Characteristic stem swellings became evident 8-9 — peared slightly more localized (ig. 2-D). None of 





Fig. 2. A) Multiple infection on 1-0 slash pine stem. B) Single infection on 1-0 slash pine stem. C) Slash pine 
symptoms of rust infection 6 weeks after inoculation. D) Infection on slash pine resulting from 


cotyledon showing 
2, 3) plants showing galls 


insertion of telial material E) Nine-month-old slash pine seedlings; (1) rust-free control; 


8 months after inoculation 








! 
: 
f 
? 


| eae ame 


ol. 50 


} after 


lants 


led 


stem 
ome- 
nfec- 
2-A) 
ngle 
frrom 
hoot 
yume 
ap 


of 


= 
=| 


be 


ne 
m 


ils 





. 


— 


January, 1960} KENDRICK AND HOLTON: LONGEVITY 


Tapie 2..-Results of inoculating 1-0 potted slash pine 


seedlings with Cronartium fusiforme 


No. of plants No. infected 


Inoculation method 


Oak-leaf wrap 


No cotton 1 2] 
With cotton 10 30 
Sporidial spray 10 0 
Telial insertion 9 3 
Telia-bearing piece of 
oak leaf inserted 3 j 
Check 20 0 


the check plants developed rust infections. 


Discussion.—The tests show that large numbers of 
slash pines can be simultaneously inoculated with 
fusiform rust under artificial conditions, and will 


show infections within 12 months. The inoculations 
were most successful during the period of peak telial 
production in nature, during April in 1956 and 1957. 
The one bed May. with 


slightly past maturity, had less infection. 
Results with 1-0 nursery stock show that such mate- 


inoculated in inoculum 


rial ean be artificially inoculatea with rust under cer- 


conditions. Since each plant was handled indi- 


tain 
vidually, the method would be laborious with large 
lots but 


seedlings. 1... 


might be useful for testing small groups of 


reinoculating individuals still rust-free 
after nurserv-bed inoculations. 

The correlation between gall formation and earlier 
(Table 1) is further confirmation of 


needle <potting 


DIFFERENTIAL LONGEVITY 


OF TILLETIA CARIES AND T. 


E. L. Kendrick 
+> we Rs, 


Pathologists. Crops Research Division, ARS, | 
Pullman, Washington. 
Accepted for publication June 26, 1959. 
Cooperative investigations of the Crops Research Division, 
ARS. U.S. D. A.. and the Agricultural Experiment Stations 
of Idaho, Oregon, and Washington. Scientific Paper No 
833. Washington Agricultural Experiment Stations, Pull 
man. 
SUMMARY 
tests made of 
teliospores of 11 races of Tilletia caries and 7 
races of T. foetida. The old material 
stored at room temperature in powde! form and as 
bunt balls and tested after 18 and 22 years’ storage. 
The rate of germination slower in the old 
spores of all races, with the decreased rate being 
greater in some races than in others. Although the 
spores of all races were still viable after 18 years. 
differences in longevity were evident among races. 
Further aging. up to 22 years, revealed highly sig- 
nificant differences in spore longevity among races. 
Generally. there was little or no difference in spore 


(,ermination were new and old 


spore Was 


Was 


longevity. whether the spores were stored in ball 
x powder form. Viable 22-year-old spores were 


infective only if germinated before inoculation of 


the seed. 
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and C. S. 
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the early symptoms of fusiform rust on slash pine. 
These initial 
measure of resistance or susceptibility of pine proge- 
future testing work. The presence of foliar 
symptoms on a particular progeny with no stem infec- 


symptoms can possibly serve as an 


nies in 


tion resulting would be a stronger indication of re- 
sistance than where no such symptoms were present. 
It would be known that the plant was not an escape 
but that infection had occurred without progress of 
the fungus to the stem. However, gall-formation fail- 
ure might be due to some physiological or anatomical 
influence of the host in preventing mycelial spread in 
the stem, or death and abscission of infected needles 
before the mycelium had progressed to the stem. 
With potted 1-0 pines, needle spots were never ob- 


served, even on very young secondary needles that 
were 4-28 cm long at the time of inoculation. The 


symptoms appeared only on the stem—indicating 


direct penetration through the young epidermis of the 
The opposite 
infection 


shoot rather than through the needle. 


true for the nursery plants; 


spots appeared on the needles (cotyledons) and rarely 


was young 


on the stem. 
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Temperature requirements for 


spores of Cronartium fusiforme. 


PATHOGENIC 
FOETIDA 


Holton 


RACES 


The longevity of the teliospores of smut fungi is 
important to survival of the species and to control of 
the diseases they Smut spore longevity can 


range from a few months, as in the floral-infecting 


cause, 


species Ustilago nuda (Jens.) Rostr., to many years, 
as in the seedling-infecting species Tilletia caries 


(DC.) Tul. and 7. foetida (Wallr.) Liro. Thus, the 
last two may be classed as long-lived species, although 
the limits of their inherent potential spore longevity 
Fur- 
longevity 


systematic study. 
thermore, the this 
potential might depend on specific storage conditions, 
s temperature and humidity. Only limited atten- 


have not been determined by 


expression of inherent 


=U¢ h a 


tion has been given to these and other factors in 
longevity studies with 7. caries and T. foetida thus 
lar reported, 

Spores of 7. caries known to be 12 vears old were 
germinated by Woolman and Humphrey (9), and 


7-year-old spores of both species were germinated by 
Lobik and Dahlstrem (4). Fischer (2) observed the 
viability of spores from 18-year-old herbarium speci- 


mens of T. caries and of spores from 25-year-old 


herbarium specimens of T. foetida. The respective 
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Taste 1.—Rates ar pe tage f gerr atior f neu two previous reports have been made (3. 5). 
and old re ( es of Tilletia caries and Materials and methods. The material used in this 
I joetida nore : pow study on longevity represented new and old spores 
Sno: ind days required for of ll races of T. caries (T-races and 7 races of T, 
‘mation shown foetida (L-races) (8). The new spore material of 
aA o a SR ST pena each race was composed of a composite of spore balls, 
ranging from | to 3 years old, stored in coffee cans at 
Race Davs 1) Davs : we « . 
room temperature. This material represents current 
T-l 6 0) 2 0) stocks of spore material used for pathogenicity studies. 
r-5 ) 0) The old spore material had been collected and pre- 
r-7 7 : : a pared in 1936. It was composed of spore balls and 
a 7 19 60 = 60 powdered spores of each race. stored separately in 
T-11 9 rr 0 capped glass jars at room temperature. Germination 
L-] ) io 0) 20 was tested after 11 vears (5). 18 vears (3). and now 
: 5 () 4 1. 7 0 after 22 years. These old spores had exhibited high 
| 8 5 2] 0) rates of viability (75-90°¢ germination in 5-9 days) 
in the fresh stage, when they were first prepared for 
a ti not listed in the table, Storage, thus establishing a common base for measur- 
races T-2, T-3, T-4, and T-6 behaved like T-1; T-8 behaved ing spore longevity. 
like T-7; L-2 behaved like | ind L-3 and | behaved Tests for spore germination were made on 3% 
like L-8 water agar in Petri plates. Spores stored in powder 
form were scattered onto the agar from a. sterile 
germination periods were ind 21 days. significantly spatula. Those in ball form were freed by crushing 
longer than required for the germination of fresh with forceps, after the spore ball had been surface- 
spores of these two species. Olgyay (6) suggested © sterilized by dipping it in alcohol and flaming. Several 
that the spore-longevity potential of 7i/letia spp. is not random samples of either spore balls or spore powder 
related to age tlone but may ilso be related to the were taken from ear h spore lot {one spore lot per 
source (presumably race affiliation) and to whether race) as a check against possible variability in rate 
the spores are stored in powder form or as bunt balls of germination within the same lot of spores. The test 
According to Rabien (7), the rate and amount of with each random sample was replicated twice, the 
teliospore germinanhon of both species decrease pro- total replications for each spore lot being at least 8. 
gressively, beginning the second year after spore The spore-bearing agar plates were incubated at 15°C. 
maturity. Ajroldi (1) observed that viability reached Observations on spore germination were made at 
its maximum in the second year and remained high 24-hour intervals, beginning on the fourth day of 


for 5 years. 
The 


the differences in materials 


these above studies, and 


incidental nature of 
and methods used. together 


with certain contradictory aspects of the results. 
pointed up the need for a systematik study designed 
to take into account the various factors that might 
influence spore longevity these species. This is a 
report on such a study. initiated in 1936, on which 
TABLE 2.—-Rates and percentage i germina a 
as smut balls and as powdered spores 
“pore ages, storage tor 
18 vears 
Ball Powdet 
Race" Days Days 
r-2 10 10 75 
r-4 13 0 | 60 
r-5 15 ‘5 ] i) 
r-7 i) ) 1] 
7: 10 19 fyi) 19 fy) 
r-11 31 ry 24 8 
L-1 15 ) 18 x0 
L.-4 15 60 ls 60 
L-7 24 12 24 5 
L-8 1] ) 15 0 
‘Of 8 races also studied, but not listed in the table, races 
T-9 behaved like r-10: L-2 and | behaved like L-l: and 


niection with spores of 10 races of T. 


incubation. The percentage of germination was based 
upon the average of counts of 100 spores made in at 
least 3 replications. Germination percentages above 
75 could not be determined. because at this stage the 
intermingling of colonies prevented accurate counting. 
Germination percentages below 75 indicate maximum 
germination. 


Comparative pathogenicity tests with new and old 


caries and T. foetida stored 


and days required for germination shown 


22 years 


Ball Powder 
Days Days c Infection © 
25 ov 25 55 12 
0 50 37 2 65 
30 5 30 3 5 
17 50 21 50 7 
25 60 pas 50 52 
37 0 37 0 0 
30 20 30 3 0 
30 50 37 50 0 
37 rr $7 Ir 6 
21 50 30 10 36 
1, T-3, and T-6 behaved like T-2; T-8 behaved like T-7; 


$ behaved like L-4. 


ee 











50 


this 


res 


of 
Ils, 
s at 
ent 


re- 
ind 
in 
ion 
Ow 
igh 
rs) 
for 


ur- 





een ii eee ee 


TOT cae Sy 





January, 1960 KENDRICK AND HOLTON: LONGEVITY 


spores were also made as a further study of spore 
longevity and its practical implications. Seed of Red 
Bobs spring wheat was inoculated with spores, planted 
in moist sand, and incubated 14 days at 10°C. The 
then transplanted and grown to 


seedlings were 


maturity in the greenhouse. To compensate for any 
delay in germination of the old 


allow the host seedling to develop bevond the suscep- 


spores that might 
tible stage before spore germination, another patho- 
genicity test was made by inoculating the seed with 
pre-germinated spores. This was done by applying 
directly to the seed a suspension of germinated spores, 
or ungerminated spores that had been incubated for 
37 days. Infection percentages in all pathogenicity 
tests were based on total and smutted heads in each 
row. 

Results and discussion._-_For the sake of 
of tables, 10 representative races 
of the 18 studied are presented in Tables 1 and 2. 


‘ larity 


the results of only 


Races not in the tables but behaving similarly to races 
listed are presented in footnotes to the tables. The 

general results and discussion concern all 18 races. 
The rate of germination of the old spores of all 
spores. The 18 


races was slower than that of new 


vear-old spores required about 2-3 times as long to 


germinate as the new spores, and the 22-year-old 
spores required up to twice as long to germinate as 
the 18-year-old spores. The decrease in rate of ger- 
mination of the old spores was greater in some races 
than in others. For example, the new spores of T-5 
and T-7 germinated at the same rate, whereas the 
old spores of T-7 germinated more rapidly than the 
old spores of T-5 (Table 1). Other races (T-10 and 
T-11, L-7 and L-8) exhibited similar differences. 
Some of the races also differed in spore longevity. 
Although some spores of all 18 races were still viable 
T-11 showed only a trace and 


at this age (Table 


after 18 years. those of 
those of Py, only 12% 
1). The remainder of the races exhibited little or no 


after 18 vears. 


of viability 


decrease in germination percentage 


Further aging, up to 22 years. revealed highly sig 


nificant differences in spore longevity among races. 
Some of them (T-1, T-9, T-10) 


viability as exhibited after 18 vears, but 


had about the same 
percentage 
others (T-7. L-l. L-4. L-8) were somewhat less viable 
at the end of 22 vears. The most striking reduction in 
t- whi h de- 


vears to o*%, 


percentage viability was exhibited by 


creased from 75°) viability after 18 
after 22 years. There was an apparent complete ane 
nearly complete loss of viability, respec tively, by races 


r-11 and L-7, 


mination in this test after 37 days’ 


which exhibited little or no spore ger- 
incubation, 

The results of the study on comparative longevity of 
18- and spores of different 
when bunt balls and 
Table 2. In 


form was only 


22-year-old pathogenic 


races stored as as powdered 


presented in general, the 
longevity of stored in ball 
slightly better than that of spores stored in powder 
Some races, such as T-2, T-7. T-10, and L-4, 
showed no difference in viability of spores stored in 


ball or 


spores are 


spores 


form. 


powder form for 18 vears. and little or no 
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difference after 22 years. Slightly greater longevity of 
18-year-old spores stored in ball form was exhibited 
T-5, L-l, L-8). After 22 years 
this difference was more pronounced in two of these 
(T-4, L-1), about the same in one (L-8), and all but 
lost in the fourth race (T-5). Only 2 races (T-11., 
L-7) exhibited an apparently greater longevity of 
spores in powder form, both in the case of 18-vear-old 
spores (Table 2). 

Tests for 
produced 


by some races (T-4, 


pathogenicity of the 22-year-old 
infection 


spores 
Table 2. 
last column. These results were obtained from inocu- 
with germinated 
from inoculation of the 


percentages shown in 


lations spores. No infection was 


obtained with unger- 
rate of ger- 
mination, which allowed the host seedling to develop 


seed 
minated spores, because of the slow 
beyond the point of susceptibility prior to spore ger- 
mination. Thus, although some 22-year-old spores were 
viable, they were innocuous as seed-borne inoculum. 
Nevertheless, these spores, except those of L-4, had 
the infee- 
tion produced by germinated spores (Table 2). 


retained their infectivity, as evidenced by 
This study indicates pronounced differences in the 


different 
foetida. The spores of some races be- 
9») 


come nonviable after 22 vears, while others retain a 


spore longevity of pathogenic races of T. 


( artes and : 


high degree of viability at this age. Aging of spores 
This 


decrease is greater in some races than in others in the 


greatly decreases their speed of germination. 
same period. Decreased rates of spore germination of 
these races were observed and reported first at 11 
vears (5). The present study shows that the germina- 
tion rate of these same races continues to decrease 
with increasing age of the spores. It further shows 
that germination can be so slow that viable spores are 
innocuous as seed-borne inoculum. Thus, age of spores 
tests where 
infection depends on coordination between spore ger- 


is an important factor in pathogenicity 


mination and host development in the susceptible 


stage.—-Regional Smut Research Laboratory, Agricul- 


tural Experiment Station, Pullman, Washington. 
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\ NEW SOURCE OF RESISTANCE TO SPINACH BLIGHT 
R. E. Webb. Bruce A. Perry, Henry A. Jones, and D. M. McLean 
Respectively: Crops R 1) AES, U.S. D. A varieties and hybrids breaks down (7). Through sib- 
Beltsville, Maryland; W Gard Substation . 19 mating and backerossing, a selection of P.I. 179590 
Pe ee er . 1. Crystal ¢ exas : : 
no Agricultu ee. | ~ . + : ee homozygous for resistance to the spinac h blight strain 
ollaborator: and rops We ircl Vision aS » : : : ie * 
\ Weel ig ee of cucumber virus | was obtained. The relative levels 


Acc pted for pul 


sit MM™MARY 


\ spinach variety recently introduced from Bel- 
gium was found highly resistant to spinach blight 
Inoculations of proge- 


at temperatures up to 26 ¢ 
179590 and the sus 


nies of crosses of resistant P.| 


ceptible variety Bloomsdale indicated that resist 
ance is controlled by i single dominant gene. 
Assavs of resistance of P.I. 179590 and Virginia 
Savoy in relation to strains of cucumber virus | 


indicate that there are strains of the virus to which 


there is little or no resistance at present 





Spinach blight, caused by strains of the cucumber 


virus 1, is often a production problem to growers in 


many areas (4, 8). Epidemics of the disease are 
usually associated with abnormally high temperatures 
during the growing season. Warm periods during 
late fall and early spring increase the activity of the 
virus vectors and increase rapidity of expression of 


the disease. Resistant varieties such as Virginia 


Savoy and Old Dominion have minimized the impor 
tance of spinach blight during most seasons in areas 
to which they are adapted. Other areas are in need 
of adapted varieties and hybrids highly resistant to 


blight. 
The introduction of high-yielding spinach hybrids 


(4. 5. 6) blue mold 


spora effusa (Grey. ex Desm Ces 


resistant to incited by Perono- 
increased interest 


in spinach production, particularly along the eastern 


seaboard and in the southern states. These areas are 
often plagued with spinach blight, and resistance 
greater than the type (7) in blue-mold-resistant 


to breeders would be dec idedly 
resistant 


varieties now available 
advantageous in developing adapted disease- 
hybrids. 

In 1955, a routine screening of spinach lines intro- 
duced from foreign countries was begun in search of 


blight. An 


found 


spinach 
] 79590.! 


a high level of resistance to 


introduction from Belgium, P.I was 


to be heterozygous for resistance to a spinach blight 


strain of cucumber virus 1. Preliminary trials indi- 

cated that the level of resistance inherent in PI. 

179590 is stable at temperatures at which the _ re- 

sistance possessed by Virginia Savoy and related 
'Plant Introduction accession number 


this selection at various 
temperatures were compared with those in Virginia 
Savoy at the strains of 
cucumber virus 1 highly infectious to Virginia Savoy 
or Old Dominion have been described (1, 3), Virginia 
Bloomsdale, P.1. 179590 


resistance to 7 strains of cucumber 


ot resistance possessed by 


same temperatures. Since 


Savoy. and the selection ot 


were screened for 
virus ], 


Materials and methods. Plants were grown singly 


in 2-in. thumb pots. For the temperature studies, 


cauline-leaf stage were transplanted 


held at the 


prec eding 


plants in the 
to 4in. and 
(Table 1) for 7 
throughout the test period. 


pots various temperatures 


days inoculation and 


(Table 2) 


plants of 


Strains of cucumber virus | were main- 
tained by S. P. Doolittle in 


tabacum L. var. Samsun and _N. 


Nicotiana 


glutinosa L. Inocu- 


lum was prepared by grinding infected leaf tissue in 
a O0.5M solution of a phosphate buffer (pH 7) with a 


mortar and pestle. Inoculations were made with a 


gauze pad saturated with inoculum and rubbed over 
the upper surface of the cotyledons (9) or cauline 
leaves of plants previously dusted with Carborundum. 
Greenhouse temperatures, unless otherwise stated, 
were maintained between 22 and 24°C. 
Experimental results. Resistance to the spinach 
blight strain of cucumber virus 1 at 4 temperatures. 
Most plants of the Bloomsdale 
became infected at 16 and 20°C, and all were infected 
at 24 and 28°C (Table 1). 


Bloomsdale was directly related to temperature, being 


susceptible variety 


Severity of the disease in 


Paste 1.—Numbers of spinach plants infected when a 
selection of PJ. 179590 and 2 varieties were inocu 
lated with the spinach blight strain of cucumber 
virus 1 and held at different temperatures (before 
and after inoculation) 


Number of plants infected 


Temperature Virginia 


(°C) P.[. 179590 Savov Bloomsdale 
16 0/28 0/24 14/17 
20 0/27 0/13 16/19 
24 0/36 5/30 30/30 
28 0/38 6/16 26/26 


» 


Numerator is number of plants infected; denominator 
is the number inoculated. 
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Taste 2..-Numbers of spinach plants infected following 
inoculation of a selection of PJ. 179590 and 2 


varieties with various strains of cucumber virus 1 


Number of plants infected 


Virus 

strains* P.1. 179590 Virginia Savoy Bloomsdale 
l 0/41 2/24 20/2 
1 0/30 11/20 38/38 
5 0/30 1/18 23/28 
6 10/40 20/20 33/33 
7 0/30 8/46 26/26 
8 0/39 11/19 29/29 
g 0/30 5/18 24/24 


*The sources of the strains were as follows: 1—type 
strain obtained from cucumber; 4—originally isolated from 
cucumber grown in greenhouse in Indiana; 5—originally 
isolated from cucumber collected from the Chicago Market: 
6—originally isolated from Commelina nudiflora L. Belts 
ville, Maryland; 7—originally isolated from spinach grown 
in Pennsylvania; 8—-originally isolated from tomato grown 
in greenhouse in Ohio; 9 —originally isolated from pepper 
grown in Delaware. 

* Numerator is the number of plants infected; denomina 
tor is the number inoculated. 


most severe at 28 Virginia Savoy resisted infection 
at 16 and 20 
24 and 28°C. Reactions of infected plants at these 
temperatures were similar to those described by 
Pound and Cheo (7). Inoculated plants of the selec- 
tion from P.I. 179590 remained healthy at all 4 


but some plants became diseased at 


temperatures, 

Further studies at a constant temperature of 32°C 
indicated that the selection from P.f. 179590 is not 
immune to the spinach blight strain of cucumber 
virus 1. At this temperature, 3 of 12 plants became 
severely diseased in 3 days and were dead in 7 days. 

Resistance to isolates of cucumber virus 1.—Fulton 
(3) found that strains of cucumber virus 1 obtained 
from infected spinach growing in Arkansas varied in 
their ability to infect the resistant varieties Virginia 
Savoy and Old Dominion. Desiccated tissue from 
plants infected by his most infectious strain was sup- 
plied by Fulton, but virus could not be recovered. 
The strain reported by Doolittle and Zaumeyer (1) 
to be infectious to Old Dominion was not available. 
Seven strains (Table 2) from various sections of the 
United States were obtained from S. P. Doolittle. 
Beltsville. Maryland. The cotyledons and cauline 
leaves of plants of the resistant P.I. 179590 and 
Virginia Savoy and of the susceptible Bloomsdale 
were mechanically inoculated with these strains. 

P.l. 179590 was highly resistant to all strains 
except strain 6 (Table 2). In 3-4 days, strain 6 (2) 
induced necrotic spotting and yellowing in inoculated 
leaves. and severe stunting. yellowing. and necrosis in 
the young leaves of all inoculated plants. Affected 
plants were dead in 8-12 days. Virginia Savoy was 
highly resistant to strains 1. 5. 7. and 9, moderately 
susceptible to strains 4 and 8, and as susceptible to 
strain 6 as was P.I. 179590. The symptoms induced 
in Virginia Savoy by strains 4. 6. and 8 were similar, 
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uv 
~ 


except that strain 6 induced death of the plants 3-4 
days earlier than did strains 4 and 8. Most of the 
inoculated plants of Bloomsdale became diseased. The 
reactions of Bloomsdale to any given strain were 
relatively uniform, but its reactions to the various 
strains were highly variable. Strains 4, 6, and 8 
induced the more severe symptoms, whereas the other 
strains produced moderate leaf mottling, chlorosis, 
malformation, plant stunting, and eventual death of 
some plants. 

Inheritance of resistance to the spinach blight strain 
of cucumber virus 1.—The F, and F, progenies of 
crosses between Bloomsdale and the resistant P.I. 
179590 and reciprocal were screened for resistance 
at 24°C in comparison with Virginia Savoy, Blooms- 
dale, and P.I. 179590 (Table 3). Plants in the F, 
progeny were completely resistant, and the F, popu- 
lation segregated approximately 3:1 resistant to sus- 
ceptible. It appears that resistance to the spinach 
blight isolate of cucumber virus 1] inherent in P.I. 
179590 is controlled by a single dominant gene. 

Discussion... Comparative studies of the resistance 
of P.I. 179590 and Virginia Savoy to the spinach 
blight strain of cucumber virus 1 indicate that the 
resistance inherent in P.I. 179590 is stable at higher 
temperatures than is that possessed by Virginia 
Savoy. Also, P.I, 179590 was more resistant to 6 of 
the 7 strains of cucumber virus 1 than was Virginia 
Savoy. Isolates obtained from infected plants of Vir- 
ginia Savoy and Bloomsdale growing in various sec- 
tions of Maryland were noninfectious to P.I. 179590 
under greenhouse conditions. Field trials at Belts- 
ville. Maryland, where spinach blight was prevalent 
in Virginia Savoy and related hybrids, indicated that 
the resistance of P.I. 179590 is apparently stable 
under field conditions. 

Plants produced from the original seed lot of PI. 
179590 were relatively uniform in their early-bolting 
habit but differed widely in plant type and habit of 
growth. Through plant selection and paired matings, 
several lines that differ primarily in the degree of leaf 
savoying have been obtained. Preliminary trials 
under field conditions indicate that these blight- 


Taste 3. Numbers of spinach plants resistant or sus- 
ceptible to the spinach blight strain of cucumber 
virus 1 following inoculation of 3 varieties and 
progenies of crosses between Bloomsdale and the 
resistant selection of PJ. 179590 


Number of plants 
found as indicated 


Genera Suscep- 

Variety or cross tion Resistant tible 
Bloomsdale 0 97 
Virginia Savoy 52 14 
P.1. 179590 80 0 
P.1. 179590 « Bloomsdale F 85 0 
Bloomsdale P.I. 179590 F §2 0 
P.I. 179590 Bloomsdale F ] Su 43" 
Bloomsdale P.1. 179590 F 138” 5 


* Theoretical 3:1 ratio in F. would be 135:45. 
" Theoretical 3:1 ratio in F, would be 137:45. 
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PHYSIOLOGY OF FUSARIUM SOLANI F. PHASEOLI IN 
RELATION TO SAPROPHYTIC SURVIVAL IN SOIL 


Otis C. Maloy 





Research Forester, Pot h Forests, Ine., Lewiston, Idaho duced, and aerial mycelium is lacking. This conidial 
Accepted for publication June 29, 1959 form (C-type) of the fungus is very pathogenic on 
’ nore ented rn } i Ifills o j 
Portion of a thesis | in partial fulfiliment ef beans, After several months in culture, the fungus 
the requirements tor tl Ph.D. degree, Cornell University é , . = 
Spo ene Re to Dre. W. H. Burkholder begins to produce abundant white aerial mycelium, 
( owledgmer! l extel to = nt olde ‘ — . Be mi: 
and Martin Alexander for suggestions throughout the study Numerous microconidia, and few macroconidia. This 
and preparation of the nuscript mycelial form (M-type) is less pathogenic than the 
conidial type originally isolated from beans. Burk- 
StU-MMAI . . 
' holder observed that the original virulence was _ re- 
ag a. of Fusarium solani { phaseoll occu stored to the fungus only after several passages 
t ( ind i! nat é con eh ’ . ‘ ‘" 
both in cultur . ture—a_ conidial (C through bean plants. The existence of 2 forms was 
form and a mvcelial NI horm., Ihe conversion ; ‘ . a ‘ 
later observed in a majority of the imperfect fungi 
of the conidial form into the mycelial form is : an . , 
ecanenied ley 4 dec ee ie. i ’ studied by Hansen (5), who called the formation of 
forms were compared in their ability to utilize the 2 distinet types (C and M) the “dual phenome- 
various root extracts and « irbohydrates. to tolerate non.” Hanson demonstrated that the “dual phenome- 
a number of antibiotics, to colonize several plant non’ is a result of heterocarvosis rather than a result 
tissues saprophytically, and to compete for nutri of mutation, as suggested by LaRue (6) in the case 
ents in soil Meyyee lial production bv. the VI type ot F. solant {. phaseoli. 
s sele ve ~ il tec ah ’ cts . r 
wer ie ly + ilated b ae ae ot a Estimates of populations of F. solani f. phaseoli in 
a alfalfa, and rotations in ing se plants ) . . 
- <p wns eee Saree pee 9 bean fields revealed no marked differences in the 
were shown to result i significant reductions in a ° ; ° 
eecstiv of bean roo . The M-type produced number of infection units between fields with severe 
a » a) et oo ro it et Monee e ° _ 
mer sseuts on a taract warher of the carho. root rot and fields with mild root rot (7). Burk- 
hydrates tested and tolerated a greater number of holder (2) suggested that the loss of virulence ac- 
antibiotics and higher antibiotic concentrations that companying cultural variation of F. solani f. phaseoli i 
did the C-type. The M-type became predominam may explain the decline of root rot severity after 
in soil under conditions of limited nutrient availa several years’ absence of the host. This hypothesis 
bility. It is suggested that the M-type will pre- Was investigated by evaluating the role of the 2 cul- 


dominate in the prolonged absence of a host plant, 


tural types of F. solani f. phaseoli in the absence of 





which may explain the reduction in disease severity the host. A comparison was undertaken of the sapro- 
without a reduction of pathogen populations phytic abilities of the C- and M-tvpes, viz., which 
would predominate under saprophytic conditions. 
\ series of experiments were conducted to compare 
Phe ability of bean root rot fungus. Fusarium solani the 2 fungus types with respect to 3 of the 4 charac- 
(Mart.) Appel & Wr. f. phaseoli (Burk Snvd. & teristics cited by Garrett (4) as favoring a_ high 
Hans., to change in culture and to exist in 2 distinct saprophytic ability. In addition to comparisons of 
morphological and physiological forms was recog- morphology and pathogenicity, specific investigations 
nized by Burkholder (2 When isolated from dis- involved: 1) the utilization of root extracts by the 2 
eased beans, the fungus produces abundant macro- types, 2) utilization of various carbohydartes, 3) toler- 
conidia in pseudopionnotes, and the spores in mass ance of antibiotics, 4) saprophytic colonization of 
are green to blue. Few or no microconidia are pro- plant tissues, and 5) maintenance of type in soil. 
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Materials and methods.— The types of the path- 


plating conidia 


phaseoli on 


were obtained for study by 
from a virulent isolate of F. 


potato-dextrose agar (PDA containing 1° dextrose). 


ogen 


solani f. 


The majority of the colonies that developed were ol 


the C-type, but a few (less than 0.1°.) were of the 
M-type. 


of PDA. The conidial isolate was maintained by occa- 


Transfers of each type were made to slants 
sional passage through bean and reisolation, A uni- 
form mycelial type was obtained by 2 subsequent dilu- 
tion platings. 


Growth of the 2 


fungus types was compared in 
dilute root extracts and in media supplemented with 
Root extracts were obtained by macer- 
10-week-old plants and filtering. 
The extracts were sterilized by filtration and diluted 
t-fold with sterile distilled 
dispensed into sterile 125-ml flasks; 


root extracts. 
ating the roots of 
water: 25-ml_ portions 
0.1 ml of a spore 
or M-type 
and incubated 6 weeks at room temperature. 


and/or mycelial suspension of either the C- 
added: 
In a separate experiment, sterile, undiluted root ex- 
tracts were added to Richards’ solution (10) to give a 
root extract concentration of 5‘ Two dextrose con- 
centrations were employed, 0.2% and 1°. In addition, 
other flasks contained media supplemented with 1 ml 
medium, and others 
These flasks re- 


ceived fungus suspensions and were incubated 2 weeks 


of soil extract! per 20 ml of 
served as unsupplemented controls, 
at room temperature. Mycelial weights were obtained 
by filtering the mycelial mats onto 22-mm filter paper 
disks of uniform weight placed in Gooch crucibles, 
and drying and weighing the disks. 

To determine if one fungus type could utilize a 


larger number of carbon sources and utilize them 
more efhiciently than the other type, each of 30 carbo- 
hydrates was added to Richards’ solution to give 400 
100 ml of medium 


mg of carbon per (equivalent to 


1% dextrose). The media were dispensed in 20-ml 
portions into 50-ml flasks and autoclaved 15 minutes 
at 15 pounds, 0.1 ml of a spore and/or mycelial sus- 
M-type added, the flasks incu- 


bated 12 days at room temperature, and the mycelial 


pension of the C- or 
weights recorded. Fifteen of the carbon sources were 
used initially, and the remainder in a second trial 
with dextrose serving as an internal standard. Because 
of the viscosity of the medium containing xylan the 
cultures were centrifuged to remove the mats before 
they were filtered. 

The tolerance of the 2 types of the pathogen to 18 
antibiotics (Table 3) was determined since the ability 
of a fungus to grow in the presence of antibiotics may 
favor saprophytic survival of that fungus. Filter paper 
disks were soaked in the antibiotic solutions and 
placed on plates of PDA seeded with the C- or M- 
type. The plates were incubated 1 week at room tem- 
perature, and the diameters of the inhibition zones 
recorded, the diameter of the filter paper disk being 
subtracted. 


Prepared by autoclaving 1 kg of soil in 1 liter of tap 
water and filtering. 


--“ 
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The ability of the fungus to colonize nonhost-plant 
tissues saprophytically, and the influence of a com- 
this ability, were determined. 
from mature 
plants. The 


peting microflora on 
were obtained 


wheat 


tissues 
alfalfa, and 
tissues were cut into 2-in. 
tin. long and included a node) and exposed for 48 
hours to an atmosphere of methyl bromide. The tis- 
sues were then aerated aseptically for 1 week, and 
samples plated on PDA to ascertain completeness of 
Nonsterile greenhouse potting soil was 


Root and stem 


field-grown bean, 


pieces (wheat pieces were 


sterilization. 
placed in screw-top pint jars, and one-half of the jars 
autoclaved, suspensions of the C-type 
were added to one-half of the sterilized and te one- 
half of the unsterilized jars of soil. The remainder of 


the jars were infested with the M-type. The spore 


were Spore 


suspensions were mixed to give 100 spores per g of 
soil. Twenty-five plant 
placed in each of 3 replicate jars of soil, and the jars 
room temperature. The 


pieces of each tissue were 
were incubated 6 weeks at 
plant tissues were removed and washed thoroughly, 
the epidermal tissues being removed by abrasion. 
Each piece was then placed in contact with the roots 
and hypocotyl of a Red Kidney bean seedling grow- 
ing in steamed soil. Symptoms were apparent, and 
readings were taken after 2 weeks since a longer time 
might have resulted in some contamination through 
water splashing. 

Results.— The 
was determined by mixing the fungus growth on PDA 
slants with steamed soil, planting with Red Kidney 
To deter- 


mine if the severe root rot caused by the C-type was 


pathogenicity of individual isolates 


bean, and evaluating the resulting disease. 


due to numerical advantage over the M-type, cultures 
of the C-type were washed to remove the conidia and 
both the spore suspensions and the remaining myce- 
lium were used separately to infest steamed soil. In 
general, the conidial type produces a very severe root 
rot accompanied by a marked stunting of the plant, 
often resulting in death. The mycelial type produces 
a moderate to severe root rot but no marked stunting. 
There were no differences between the spores and the 
mycelium of the C-type in severity of root rot induced. 

The growth rates of the 2 fungus types appear to 
be about the same when grown under similar condi- 
tions on PDA, 
almost identical with those of the M-type. 

Mycelial growth of 
tracts from the nonhost plants was greater than on 
Red Kidney (Table 1). The M-type, 


however, did not give greater growth than the C-type 


Colony diameters of the C-type were 
both types on dilute root ex- 
bean extracts 


on any of the extracts. 

The fact that 
mycelial weights of either fungus type grown in the 
of the supple- 
dextrose demonstrated 


there were no differences in the 
unsupplemented control and in any 
mented media containing 0.2% 
that no available carbon was provided by the root 
Only the results obtained in the cultures 
containing 1° There were 
significant responses to the addition of all of the root 
dextrose 


extracts. 
dextrose are presented. 
containing I 


extracts to the medium 
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| Growt/ os ae V-types of Fusarium solani {. phaseoli in diluted root extracts and in a dextrose medium 


Mycelium dry weight (mg) in 2 media 


Diluted root Dextrose medium plus 
extracts 9% root extract 
Root extract sour (.-ty pe VI ty pe ( type M-type 
Red Kidney bear Pha gar > } 62 a 
N-203 bean ( Phase a i.) 14 1] 62 22" 
Cabbage (Brassica oleracea subsp. capitata | 60 57 
Corn (Zea mays L.) 17 12 63 51' 
Wheat (Triticun gare \ y 6 51 57 
Alfalfa ( Wedicag ativa | 16 60 66 
Red clover (7r / 7 prate é ll y 19 52 
Soil extract 39 39 
Control 29 28 
LSD 5! 6 | 12 ll 
Difference between ¢ i Ml means is significant at the 1% level 
" Difference between C and M means Is significant at the 5° level 
Difference between C and M means is significant at the 10% level 
(Table 1). The response lue to addition of soil comparison between the 2? types Was desired onlv on 
extract was not as pronounced as with root extracts, a given medium. the weight of the M-type on dextrose 
but it did approach significance. On the same medium, — in the second series was raised to equal the C-type on 
in all but 2 instances, the mycelial weight of the dextrose, and the others raised proportionally. The 
C-type was slightly greater than that of the M-type. M-type produced the greater weight in 90° of the 
Phe 2 exceptions were the higher weights in the comparisons where significant differences occurred. 
mycelial series than in the conidial series on wheat This indicates that the M-type is able to utilize a 
and alfalfa extracts, both differences being significant wider variety of carbon sources more efficiently than 
only at the 1O evel Ihe import int conside ration the C-type. 
is that these are the 2 plants that reduced bean root (An attempt was made to determine the cause of 
rot severity in field (wheat) and greenhouse (alfalfa) the variation in mycelial weights of the C- and M- f 
. ~ ° ° ° ' 
experiments (4 types in the second series of carbohydrates. Since the = | 
\ considerable difference was observed between basic medium and the source of inoculum were the 
the weights of the ¢ nd M-types in the dextrose same in both series, it was thought that variations in 


medium in the second series of carbohydrates (Table the temperature during incubation might have been 
4. instead ol the rual ilues obtained on lextrose responsible. Cultures ot the C- and M-types in Ric h- 





in the first experiment Phe second experiment ilso ards’ solution containing l¢ dextrose were placed in t 
: Spas 3 = ' 
vielded much lower hen the first. Since a incubators maintained at 3. 6. 9. 12. 15. 18, 21, 24. 27 
| ABLI 2 Re ative &£ wt ( a j V/ fypes } sariun solani tf phase oft in me lia containing tartous carbohydrates 
| 
Mycelium dry weight (mg) ' 
First experiment Second experiment 
Carbohydrate C-type M-type Carbohydrate C-type M-type 
Dextrose 61 62 Dextrose 16 14* 
Fructose 1] 14 Rafhinose 6 g 
Mannose ‘fy 14 Me lezitose 4] 38 
Galactose 16 10 Galacturonic acid ] 3 
Rhamnost 15 3) Glycerol l 9 ' 
Sorbose 1] 20 Erithritol 18 28 
Arabinose 13 6) Dulcitol 7) 21 
Xylose 1] }2 Sorbitol 23 28" ' 
Ribose 0) 2 Mannitol 5 35 ' 
Sucrose 6] 64 Inositol 17 53 
Maltose 2 6 Adonitol 2 10 ' 
' 
Lactose Y Salicin 9 16 
Cellobiose 60 62 Dextrin Ww) 24 ' 
Melibiose ) } Soluble starch 1h 19 
Ire halose f ) lr ulin > 8 
\vlan 18) 28 
‘M-type mycel weis he s nd series w corrected to equal dextrose values 
| ] 


Difference between C a \I ‘ s is significant at the 5 level 
Difference between ( \I eans = Sit | int at the | level. 








Vol. 50 


medium 


ily on 
Xtrose 
pe on 
The 
if the 
irred, 
ize a 
than 


se of 
d M- 
e the 

the 
ns in 
been 
R ic h- 
‘din 


97 


ifes 


' 
- 
| 
' 











January. 1960 


Tasce 3.—/nhibition of the ¢ 
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and M-types of Fusarium solani {. phaseoli by various antibiotics* 


Diameter of inhibition zones (mm) resulting from various antibiotics 


Te rra- Pleo 
mycin 


\ureo- Acti 


mycin dione 


Antibiotic 


concentration ( M ( M ( M ( 
5000 ppm 19 8 18 3° 6 3 9 
2500 ppm 16 =" 14 30° t 0 y 
1250 ppm 1] 0" 12 24° 0 0 g 
625 ppm 6 O 1] 18° 0 0 7 
313 ppm s 8 o 0 0 3 
LSD 5% 8 - 13 M 1 
LSD 1% ll - 9 7 3 ) 


*No inhibition at highest concentration of streptomycin, 
cline, amphomycin ,virideogrisein, or tyrothricin. 

* Highest concentration 3000 ppm. 

Difference between C- and M-type is signicant at the 5% 

‘ Difference between C- and M-type is significant at the 1% 


30. or 35°C and incubated 2 weeks. after which the 
mycelial weights were obtained. The mycelial weights 
of the 2 types were equal only within a range of 6 


degrees (21-27"). 


It seems possible that a change 
in mean temperature of several degrees for a week or 
so might have resulted in the difference observed in 
the 2 series. 

Of the 18 antibiotics tested, aureomycin, actidione, 
terramycin, thiolutin, candi- 
cidin, clavacin, and polymyxin B inhibited growth of 
the bean root rot fungus. The 
7 of these 9 antibiotics than was the C- 


pleocidin, achromycin, 
M-type was more 
tolerant of 
type, and inhibition was not apparent except at con- 
centrations higher than that inhibitory to the C-type 
(Table 3). 

There was little difference in the colonization of 
the different plant tissues by either fungus type in 
sterile soil (Table 4). 
ability to colonize these tissues was reduced signifi- 
cantly, particularly on wheat tissues. It also appears 
that the M-type is better able to colonize certain 
nonhost tissues (e.g.. alfalfa) than other tissues in the 
should be 


realized that the assay was one based on a pathogenic 


In unsterile soil, however. the 


presence of a competing microflora. It 


truly 
abilities that the M-type may have since the 


reaction, and may have obscured any sapro- 
phytic 
M-type is the weaker pathogen of the 2 fungus types. 

lo determine if one fungus type would predominate 
limited nutrient 
and M-types 


sov bean 


over the other under conditions of 
supply. a mixture of conidia of the C- 
was used to infest soil amended with 1% 
meal and unamended soil at the rate of 1000 spores 
Samples of infested soil were plated 
and M-type colo- 


per g of soil. 
periodically and the numbers of C- 
nies recorded. There was a continuous increase in 
numbers of the fungus (the total of both types) up 
slight 


(Table 5). The increase was 


to 15 weeks in the unamended soil. with a 
decline at 20 weeks 


much more pronounced and the subsequent decline 


more noticeable in the amended soil. There was 


approximately an equal proportion of each fungus 





cidin 


Poly- 
Achro- Thio- Candi- Clava myxin 
mycin lutin cidin cin B* 


M ( M ( M Cc M Z M ( M 


9 9 ll 20 19 16 12 7 10 10 8 
8 9g 5 16 15 14 12 + 5 6 > 
ri 7 10 13 10 2 l 6 3" 
} ) 0o* 11 9 10 9 0 0 > 
0 0 0 10 8 10 7 0 0 0 0 
3 : } 5 6 3 3 4 6 4 4 
} 3 5 7 8 5 5 5 8 5 5 


penicillin, chloromycetin, neomycin, streptothricin, tetracy- 


level of probability. 
level of probability. 


type at the beginning of the experiment, and after 
week the percentage of M-type 
about 15% in both This 
increase in the relative proportion of C-type is easily 


incubation for | 
dropped to treatments. 
explained since a conidial type will have the initial 
advantage in producing propagative units. It is inter- 
esting, however, that a large number of these C-type 
M-type, 
of the original balance occurred 


propagules must have developed into the 
since the recovery 
rather rapidly. 


earlier in the unamended soil than in the amended 


The recovery occurred about 5 weeks 


soil. M-type predominance did not occur in amended 
soil within the duration of the experiment and may 
have been due to the availability of a readily assimi- 
lated substrate, which 
conidial production. 


result in continued 
Fifteen weeks after the begin- 


would 


ning of the experiment the predominance of the 
M-type was significantly greater than at the beginning. 
In the amended soil there appeared to be a stabiliza- 
tion of types after 6 weeks, but this might have been 
iltered had the experiment been continued for an 
extended period. On the basis of these results, how- 
ever, it seems that the M-type tends to predominate 
under limited nutritional conditions. Differences be- 


tween the proportion of M-type in amended and 


Tasie 4..-Saprophytic colonization of root and stem tissues 
of host and nonhost plants by the C- and M-types 
of Fusarium solani {. phaseoli in the presence and 
absence of a competing microflora 


% of plant tissue colonized 


C-ty pe M-type 
Sterile Unsterile Sterile Unsterile 
Plant tissue soil soil soil soil 
Red Kidney bean 97 53° 93 19" 
Alfalfa 100 54° 84 50° 
Wheat 8] 13° 71 = 
LSD 5% 15 3] 16 3) 
LSD 1% 21 15 24 5 


* Difference between means is significant at the 1% level 
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unamended soils wer ignificant in 4 of the last 5 successfully as a soil saprophyte. 
sampling periods (Tabl The fact that growth of both types of the fungus 
The influence of rotation crops on maintenance of | occurred on root extracts from a number of nonhost 
the fungus type in studied by isolating F. plants, and in some instances the growth on these 
solani {. phase freor ean plants grown in green- exceeded that on root extracts from a suitable host 
house soil previo ropped to various rotation plant, is strong evidence against a starvation hypothe- 
plants. These isolate ere maintained on PDA and © sis in explaining the effect of crop rotation in reducing 
examined at 30-da rvals to determine the cul- bean root rot severity. Furthermore, the root extracts 
tural type. On isola ll of the cultures were the — that selectively stimulated the less pathogenic M-type 
C-type. The tend: in isolate to convert to the were from plants that reduced root rot severity in 
M-type was associated with low pathogenicity. The field and greenhouse experiments. Extracts from 
isolates obtained from bea grown following wheat wheat and alfalfa roots stimulated the growth of the 
ranked lowest in pathogenicity and were the isolates M-type to a greater extent than the C-type. whereas 
that most readily developed into the M-type. The the reverse occurred with the other root extracts 
relationship betwee! pathoger heity ind complete employed. 
mycelial conversions particularly strong. since 33° The M-type proved able to give significantly greater 
of the 3 least pathoger xroups (red clover, alfalfa, growth than the C-type on the majority of the carbo- 
and wheat) were tely mycelial after 5 months hydrates tested, which may indicate that the M-type 
in culture, as compared th 1] of the 3 most patho- is better able to adapt to different nutritional condi- 
genic groups. An iined reversion from M- to tions than the C-type and is thereby more likely te 
C-type took place in | of the isolates obtained from compete successfully for an available substrate. 
bean plants srown 1 ire-amended = soil When The M-type was more tolerant of a greater number 
transfers were made, an attempt was made to transfer and higher concentrations of antibiotics than was the 
both spores and mycelium if possible. and this rever- C-type. The ability to tolerate a comparatively large 
sion of tvpe may have been due to heterocarvosis. number of antibiotics at concentrations higher than 
Discussion... The possible importance of the M- would be expected under natural conditions is a factor 
type of F. solani {. phaseoli in saprophytic persistence that would favor saprophytic survival on, and active 
of this fungus in soil is studied by applying the competition for, available substrates in the soil. Butler 
criteria for saprophytic ability suggested by Garrett. (3) showed that the higher saprophytic abilitv of 
Although the complet ological importance of these Curvularia ramosa (Bainier) Boed. than that of Hel- 
1 criteria is not known ippears that they offer. in minthosporium§ sativum Pam.. King & Bakke was 
part, a means of comparing the competitive sapro- associated with the ability of the former organism to 
phytic abilities of 2 or more organisms. The impor- tolerate a larger number of antibiotics than the latter 
tance of antibiotic production in favoring saprophytic fungus. Park (8. 9), however. said that tolerance to 
survival has not been demonstrated. although Brian antagonistic bacteria and fungi has little or no rela- 
(1) discussed this subject in some detail and con tion to the saprophytic survival of fungi in the soil. 
siders antibiotic producti to have some ecological Saprophytic colonization of nonhost-plant tissues is 
significance. Production of antibiotics was omitted a factor that would enhance the survival of a pathogen 
from this study because of the extensive and complex in the absence of a suitable host plant. The bean 
techniques that would | to be employed to make — root ret pathogen was shown to be able to colonize 
an adequate survey for antibiotic production. It should beth leguminous and = nonleguminous nonhost-plant 
he recognized, however. that there are a large number _ tissues. Saprophytic survival is favored considerably 
of other factors, physical. chemical. and biological, if the organism can compete successfully with the 
that affect the abilit in organism to compete normal soil microflora in’ colonizing these nonhost- 
Tasie 5.—Populat é t ¢ W-tvpes of Fusarium solani f. phaseoli in sterilized soil either 
amended sovb é 
propagules and percentage of M-type at various times 
0 week 1's weeks 6 weeks 10 weeks 15 weeks 20 weeks LSD 5 
Numbers of proy 
UA* L000 1316 6400 9200 15.100 11.520 
\ LOO! 1.500.000 2 532.000 135.000 660,000 280.000 13.520 
% M-Type 
UA 1 6 12 Yi 99 7] 70 14 
\ 11" 13 12° 8 8" 23 
*Unamended soil 
Calculated fron (res pel of suspension used to infest the soil and expressed as the number per 
g of soil. 
Soil amended wit! 
Differences { s signifiean t the ] level of probability 
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plant tissues. Though no marked differences were 
observed in the colonization of various plant tissues 
by the C-type in the absence of a competing micro- 
flora, there were significant differences when a normal 
soil microflora was present. The marked reduction in 
percentage of effective colonization in the case of 
wheat tissues may partially account for the reduction 
in root rot severity in beans that follow wheat. 

The ability of the fungus to increase on a minimal 
substrate such as soil would favor survival of the 
fungus for long periods in the absence of a suitable 
host plant. The tendency for the M-type to predomi- 
nate would help explain the lessening of root rot 
severity although no reduction in total numbers of 
the fungus has occurred. It is noteworthy that. of the 
cultures of F. solani f. phaseoli isolated from beans 
growing in soil previously cropped with nonhost plants 
or amended with organic materials, the isolates that 
were lowest in pathogenicity were the ones that 
1) tended to become mycelial and 2) were isolated 
from beans grown following crops that had been 
shown to reduce root rot severity. 

Although most of the evidence suggested that the 
M-tvpe is the better saprophyte of the 2 forms, and 
therefore is better able to persist in prolonged absence 
of the host, there were 2 factors indicating that the 
M-type is not as efhicient in saprophytic ability as the 
C-type: 1) the M-type produced a maximum amount 
of mycelium over a narrower temperature range than 
did the C-type: 2) in the presence of a competing 
microflora the M-type did not colonize certain plant 
tissues to as high a degree as did the C-type. A 
possible explanation relating to the relative pathoge- 
nicity of the 2 types has been offered for the latter 


situation 
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It is possible that the “dual phenomenon” enhances 
the ability of F. solani f. phaseoli to survive in the 
soil and may explain why reduction in disease severity 
occurs in the absence of a corresponding reduction in 
pathogen populations. The evidence further indicates 
that certain root extracts selectively favor predomi- 
nance of one fungus type over the other and may 
account for the beneficial effects of certain rotation 
crops in reducing disease severity.—Department of 
Plant Pathology, Cornell University, Ithaca, New York. 
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SUMMARY 

Sporidia of Cronartium ribicola were subjected to 
Various environmental conditions to determine the 
effect of environment on germination. Type, time, 
and vigor of germination were given primary em- 
phasis because germination per se was found not 
to be an accurate measure of sporidial response to 
environment. 

Artificial light vs. dark was studied as to its effect 
on type and vigor of sporidial germination. No sig- 
nificant effect of light was noted. 

In laboratory studies. primary 
capable of producing up to six successive genera- 


sporidia were 


tions of sporidia, but the fourth to sixth generations 
appeared to be of minor importance in disease 
spread. Secondary and tertiary sporidia, however, 
were produced in great enough abundance to war- 
rant consideration. Indirect germination, therefore, 
is a means of vegetative perpetuation and can be an 
aid in dispersal and longevity of sporidia. A spo- 
ridium, with its ability to germinate either directly 
or indirectly, can act as an organ of infection or as 
an organ of sporulation. 

Germination of primary sporidia occurred over a 
range of pH from 3.0 to 11.0. The optimum pH 
was 3.0 for direct germination and 7.0—9.0 for in- 
direct. It was inhibited at pH 2.0. The optimum 
pH for vigor of germination (length of germ tube) 
was at 4.0 and decreased with increase in pH. 
Secondary sporidia showed the same reactions. 

Germination occurred from 0.5-1° to 24 C at pH 
6.8 and from 0.5-1 to 28° at pH 4.0. Time was 
found to be an important factor in vigor of germi- 
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nation. At the higher temperatures sporidia exhib- 
ited greater vigor at pH 4.0 after 6 hours than at 
pH 6.8 after 24 hours 


temperature-pH on direct vs. indirect germination 


The influence of time- 


was studied. Direct germination was favored at all 
temperatures studied at pH 4.0 

Sporidia germinated on nee lles of Pinus lamber- 
tiana from 0.5-1 to 28 ¢ Vigor of germination 
was exemplified by the predominance of 2-3 germ 
tubes per spore and by branching of germ tubes. 
Germ tube length increased as the temperature in- 
creased to 16-20 C after which length decreased to 
4.2 w at 28°C. 


on the needles at any of the temperatures studied. 


Few Se ondary sporidia were formed 


On needles of conifer species other than white pines 
indirect germination increased, and direct germina- 
tion consisted predominantly of one germ tube pet 
spore. No significant difference in vigor of germi- 
nation was noted on needles of 6 species of white 
pines tested. 





Introduction and review of literature. The dis 
ease “white pine blister rust” is caused by the hetero- 
ecious rust fungus Cronartium ribicola Fischer. which 
produces 5 different spore stages during its life evcle 
The infection chain is facultatively heterogeneous. In- 
fection of white pines Is established only by the air- 
berne sporidia. The ability of this spore stage to 
cause infection and thereby complete the life evele 
depends largely on favorable environmental conditions 
between production on ribes and penetration of pine 
needles. The primary limiting factors for infection 
have been generally defined as temperature and mois- 
ture. Since the sporidium is a somewhat delicate. thin- 
walled organ, a third factor. time, is also important. 

The distance of spread of sporidia from ribes to 
white pines (based on pine infection data) is nor- 
mally short: 900 feet to 1 mile is considered to be a 
safe distance between the two hosts for practh al con 
trol. Infections do occur, however, over much greater 
distances from any known ribes host. One purpose of 
this study was to determine the means by which 
sporidia can survive longer under various conditions 
and possibly cause infection at greater distances from 
their source than previously reported. It was found 
that certain environmental factors. notably kind and 
pH of substrate on which the spores germinate, have 
an effect on the type. time. and vigor of germination 
These factors have not previously been reported as 
affecting this spore stage 

The term “direct germination” as used herein means 
simply the production of germ tubes: “indirect germi- 
nation” refers to the formation of secondary, tertiary. 
eic.. sporidia. 

The influence of temperature on germination of pri- 
mary sporidia was studied by Hirt (8), who used telia 
from naturally infected R. nigrum as a spore source. 
He found that they germinated at temperatures be 
tween 0-1°C and 21°C, inclusive. The shortest time 
necessary for germination was about 4 hours at 10 
12°. 7 hours at 12-14", and 5 hours at 17-18 C. York 


and Snell (15) found sporidia capable of germinating 


]1 hour after they were cast 
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Although the production of secondary sporidia is 
common in several genera of the Uredinales, few 
studies have been conducted on their physiology. De 
Bary (5). writing in general on the Uredineae. said: 
“It is moreover not unusual for the germ-tubes of 
sporidia, when they cannot penetrate at once into the 
host, first to abseise a secondary sporidium at their 
apex. which has the characters of the original spo- 
ridium.” Spaulding and Rathbun-Gravatt (12) re- 
viewed the literature up to 1926 on the occurrence of 
secondary sporidia in the rusts in general. Sappin- 
Trouffy (10) first reported their production on the 
genus Cronartium flaccidum Alb. & Schw. In 1919 
Colley (4) was first to report their occurrence in C. 
ribicola. Clinton and McCormick (3) also reported 
them in this species and suggested that formation of 
a secondary sporidium may tide this spore stage over 
unfavorable conditions of infection. Spaulding and 
Rathbun-Gravatt (11, 12) found secondary sporidia 
common in their investigations and regarded the occur- 
rence as “vigorous sporidial germination.” They con- 
cluded that beth fresh and stored telia produce pri- 
mary sporidia, which in turn produce secondaries. 
They suggest that icing slides of primary sporidia 
stimulated the production of secondaries, whereas 
preliminary drying had little effect. Some slides that 
were alternately wetted and dried produced secondary 
sporidia. They briefly mentioned the occurrence of 
tertiary sporidia. 

Hirt (8) described and illustrated secondary spo- 
ridium formation on water agar. He stated that ter- 
tiary sporidia are uncommon, usually occurring only 
at the maximum temperature permitting sporidium 
germination. He further reported that, under both 
natural and controlled conditions. primary sporidia 
germinate beth by germ tube and by secondary spo- 
ridia. At temperatures approaching freezing. very few 
produced secondary sporidia, but at 10-18 C they were 
abundant and germinated immediately, forming true 
hyphae which elongated rapidly. He found that spo- 
ridia at 21 germinate by short. stout germ tubes and 
rarely by an undeveloped. minute secondary sporidium. 
He considered the germ tubes to be abnormal. with 
little possibility of infecting pine. Reed and Cra- 
bill (9), working with Gymnosporangium juniperi-vir- 
ginianae Schw., found that secondary sporidia were 
produced abundantly only if the primaries were kept 
moist constantly from the time of preduction until 
germination. 

Materials and methods. \eciospores. collected 
from sugar pine (Pinus lambertiana Doug.) in north- 
ern California, were used as original inoculum in these 
studies. Because of the chance of contamination by 
Cronartium occidentale Hedge.. Bethel & Hunt. uredio 
spores from plants growing in the wild were not used. 
All infected ribes used were guarded against con- 
tamination by urediospores and aeciospores of this 
latter fungus by keeping the inoculated plants in 
closed chambers of the greenhouse or laboratory. 

Urediospore inoculum was maintained on potted 
ribes in greenhouse cubicles at about 25°C. Ribes 
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aureum Pursh, R. nevadense Kell., and R. roezli Regel 
were employed. 

Except where noted, the experiments were conducted 
in the climate-control mycotron of the Department of 
Plant Pathology, University of California, Berkeley. 

Teliospores were obtained from the same three Ribes 
spp. by keeping infected plants at a constant tempera- 
ture of 20 C in special greenhouse cubicles, or at 16°C 
in the climate-control chambers. Preliminary experi- 
ments showed no difference in sporidium germination 
between telia formed at these two temperatures OF 
among telia formed on different host plants. 

At the outset, several problems arose as to the age 
and type of sporidia obtained by swirling germinating 
telial columns in a drop of water or by removing the 
columns from an agar surface after they had cast their 
sporidia. In addition, to study the effect of various 
factors on secondary sporidia, it was desirable to have 
them of the same age and free of surrounding pri- 
mary sporidia. which led to confusion in counting 
spores or measuring germ tubes. To overcome these 
problems the “plate replacement technique” was 
designed 

In this technique, telia were attached to a 2-mm’* o1 
larger block of water agar placed on the inside of a 
Petri-dish lid: the lid was then replaced and the spo- 
ridia were allowed to shoot onto an agar surface (Fig. 
1). Crest of production was reached in 12-15 hours 
(Bega. 2). at which time the bottom half of the dish 
was removed and replaced by one containing the de- 
sired substrate. After sporidia had been allowed to 
cast onto the new substrate for 1 hour (or less, de- 
pending on the number of telia used and the number 
of spores desired), the telia were removed and the 
sporidia of known age were then subjected to what- 
ever test was being conducted. If secondary sporidia 
were being studied, the same technique was employed, 
and after 12-15 hours a block containing the cast 
primary sporidia was cut out of the agar and placed 
on the under side of another lid. Secondary sporidia 
were then allowed to be cast onto whatever substrate 
was placed in the bottom of the dish. The same pro- 
cedure was used for studying tertiary, quaternary. etc., 
sporidia. In some instances it was not necessary to re- 
place the bottom half of the dish, e.g., in the pH 
studies presented in this paper. In this instance, after 
the telia had reached their germination crest, the lid 
of the dish was merely rotated a few degrees and spo- 
ridia were allowed to cast onto a new section of the 
substrate for the desired period. after which the block 
containing the telia was removed. 

Sporidia were subjected to various temperatures, 
substrates, or lengths of time. At least 100 200 sporidia 
were counted at 100 and 440 for each treatment; 
in many cases 500-1000 were counted. The number 
that had germinated directly, indirectly, or not at all 
was recorded, as well as the average length of germ 
tubes. When germination tests were conducted for 24 
hours or more, primary sporidia often had produced 
secondaries. which then proceeded to germinate either 
directly or again indirectly, making spore counts difh- 


cult. To overcome this difficulty the spores were 
stained with a drop of 0.1% cotton blue in lacto- 
phenol, which made the empty sporidia stand out 
clearly. 

Several experiments were conducted under controlled 
conditions to determine what factor or factors had the 
greatest effect on type, time, and vigor of germination. 
(The length of germ tubes formed during direct ger- 
mination is used as a measure of vigor of germination.) 
In many tests a few spores produced germ tubes up 
to 140 uw long 24 hours after germination. Because 
these were rarities they were not considered in figuring 
the average length. In the tables, per cent of germina- 
tion is rounded off to the nearest whole number. 

To study the effect of environmental factors on ger- 
mination of sporidia on pine needles, the needles were 
cut into 20-mm lengths and fixed to 22-mm-square 
glass cover slips that were coated with a thin film of 
lanolin. The cover slips were then placed on a layer 
of 1.5% water agar in Petri dishes. Usually 5-10 
needle pieces were used per cover slip. Sporidia were 
cast onto them by the plate replacement method and, 
after being subjected to the various conditions, were 
stained with 0.1°% cotton blue in lacto-phenol and 
examined with an Ultrapak microscope. The stain was 
sprayed on with an atomizer so that ungerminated 
sporidia would not be washed off. Entire needles were 
used in some tests. 

Experimental results..-The fact that sporidia of 
C. ribicola germinate either by production of germ 
tubes or by formation of secondary sporidia was 
obvious in preliminary tests. 

Indirect germination takes place by the formation 
of a pointed projection from the mother spore, which 
for all intents and purposes resembles a sterigma. On 
the tip of this projection a new spore is formed. In 
the process the cytoplasm moves into the new cell, 
leaving the mother spore and its sterigma completely 
empty. This process is true of germination from pri- 
mary to secondary, secondary to tertiary, tertiary to 
quaternary, etc. Vegetative perpetuation of sporidia 
has been carried through six generations by the plate 
replacement method. (The term “generation” as used 
here denotes the formation of a spore from a primary 
sporidium, one from a secondary sporidium, etc.) 
With this method, however, sporidia of the fourth to 
sixth generations rarely detached themselves from the 
preceding spore. It was not at all uncommon to find 
sporidia of these latter generations attached to empty 
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Fig. 1. Diagram of a Petri dish as used in the plate 
replacement method. 
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Fig. 2. Indirect germination of sporidia. A) Production of a secondary sporidium by a primary. B) 
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tertiary sporidium by a secondary. ©) Production of a quaternary sporidium by a tertiary with the empty secondary and 


tertiary spore sacks still attached. 


Normal direct germination was observed 


in all spore generations 


spore sacks. 


that, in the formation of 


spore stages, all nutrients necessary for vegetative per 


It is generally assumed 


petuation are obtained from the preceding sporidium. 
For this reason eat h spore generation should be suc- 


cessively smaller than its preceding stage. In the 


present studies spores appeared to become smaller. 


especially from the fourth to sixth generation, but 


they were no less perfect, as was evidenced by their 
normal germination. Fig. 2 illustrates the production 


of various generations and shows that the process is 


the same regardless of the number of generations. Size 
differences of sporidia in this illustration are due pri- 
age at the time of photo- 


marily to differences in 


graphing. 


Light.—The effect of light vs. dark on and 
vigor of germination has not been studied with sporidia 
of C. ribicola. Hirt (8) and Spaulding and Rathbun- 


Gravatt (12) studied the effect of sunlight on germi- 


tvpe 


nation, but their 
the viability of 


periods of sunlight. 


experiments were designed to test 


sporidia after exposure to varying 


In the present studies, sporidia to be tested were 
obtained by the plate replacement method on 1.5% 
water agar at pH 6.6 (unadjusted). Germination was 


carried out for 24 hours in a 15 C mycotron chamber 
of light. 
to continuous light were merely placed in the chamber 
so that lights. Those 


exposed to the dark were wrapped in four layers of 


with continuous 770 ft-« The plates exposed 


they were directly under the 


light-proof black cloth over which was placed one 


layer of white cheesecloth. The sporidia germinated in 


the dark were never exposed to light. This was accom- 


plished by wrapping the plates in the black cloth as 
After 
a few predetermined 


soon as the telia were placed inside. 15 hours 


the lid of the dish rotated 


was 


degrees to cast sporidia on a new section of the agar 
without removing the cloth. (The cloth was wrapped 
loosely enough to permit easy rotation of the lid of 
the dish.) After allowing the sporidia to cast onto this 
new section for 2 hours, the lid was again rotated and 
the experiment considered begun. 

The results of three experiments (Table 1) ind- 
little difference in sporidial germination 
response in the light or in the dark. 

pH.— According to Gottlieb (7) most fungus spores 
germinate over a wide range of pH but tend to be 
acidophilic. Only rarely is germination favored by an 
alkaline reaction. Webb (13. 14) studied the effect of 
pH on spore germination of several species of fungi 


cate very 


and found that, in general, the majority showed maxi- 


mum germination at relatively high acidity, namely, 
pH 3.1. At pH 2.8 and lower. inhibition of germina- 
tion was evidenced. 

In the present studies the effect of pH. from 2.0 to 
11.0. on sporidium germination was investigated with 
2°, water agar as the substrate. The pH of the water 
agar was adjusted to various concentrations with O.LYV 


and 1V HCl and LV NaOH. 


with a glass electrode pH meter. 


Measurements were made 


Six individual factors were studied: pH, time. total 


Paste 1.The effect of light vs. dark on sporidial germina- 
tion at 15 ¢ 


Light Dark 
% y/ Av. % N % Av. % 
Trial Germ p° fer Germ. D LGT*® | 
l 87 30 56.0 70 9] 27 75.3 73 
2 93 13 82.3 87 97 20 73.1 80 
3 97 28 98.7 72 98 23 «(96.3 77 
‘ Direct germination. 
Average length of germ tubes (in gw) during direct 


germination, 
Indirect germination 
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Fig. 3. Edect of pH on germination of sporidia after 3, 
12, and 24 hours at 15°C. 


germination, direct germination, length of germ tube. 
and indirect germination. The plate replacement 
method was used to secure sporidia of equal age. All 
plates were checked for pregermination of sporidia 
before the tests were considered begun. Germination 
was at 15 C. 

Germination per se occurred over a wide range from 
pH 3.0 to 11.0. Percentage of total germination after 
24 hours dropped from 99°) at pH 3.0 to only 60% at 
pH 11.0. Superficially this would appear to mean that 
sporidia germinate equally well over this entire range. 
Judging by vigor of germination, however, they do 
not. Fig. 3 shows the effect of pH on total germination 
after three periods: 3, 12, and 24 hours. 

The effect of pH on type of germination is shown in 


Fig. 4. 


both the optimum and the maximum occurring at pH 


Direct germination was favored by acidity. 


3.0. Indirect germination was favored by an alkaline 
substrate. with an optimum at pH 9.0-10.0 and a sharp 
decline at 11.0. Production of secondary 
occurred, however, at pH 4.0 to 11.0. No data are 
presented in Fig. 4 for direct germination at pH 10.0 


sporidia 


and 11.0, because at these two units those spores that 
did not formed thick. 
blunt germ tubes (244.2 4) and could not be con 


produce secondary sporidia 


sidered normal direct germination. It should also be 
pointed out that the data presented on direct and indi- 
rect germination are taken from the graph illustrating 
total germination. 

Vigor of germination at different pH units could not 
without also including the 
pH effect on 


germ tubes of primary sporidia at 3 different 


a 
be presented completely 
factor of time. Fig. 5 illusirates the 
length of 


time intervals Here the optimum was atta) ied at pH 
4.0 after 12 and 24 hours (very strikingly at 12 hours) 
and at pH 5.0 after only 3 hours. At pH 10.0 and 11.0 
the germ tubes appeare | malformed. being 24 * 4.2 z 

The effect of pH on germination of secondary spo 


ridia was also studied These tests were run for only 

















Fig. 4. Effect of pH on direct and indirect germination 
of sporidia at 15°C. Germination time 24 hours. 
12 hours. The same trend was noted for the individual 
Total 
germination ranged from pH 3.6 to 11.0. Direct ger- 


factors as was found with primary sporidia. 


mination ranged from 3.0 to 7.0, with the optimum at 
4.0—-5.0. Indirect germination ranged from 4.0 to 11.0, 
with an optimum of 90-95°) producing tertiary spo- 
ridia at pH 7.0-9.0. The optimum for germ tube length 
was at pH 4.0, with a germ tube average of 70 a. 
Time-temperature-pH.—-In the present investigations 
the effect of temperature on sporidial germination was 


studied on 2° 


water agar. Because of what had been 
learned about pH effects, tests were run at two units of 
pH, 1.0 and 6.8. The pH of 4.0 was obtained with 
0.1.\ HCl; pH 6.8 was unadjusted water agar. Elec- 
trically heated incubators, which maintained an accu- 


racy of +0.5°. were used at the following tempera- 


— 


| ee Os 


Fig. 5. Effect of pH on length of germ tube after 3, 
12. and 24 hours at 15°C, 
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Fig. 6. The tect temperature, and pH 
germination of sporid 4) 6 | , B) 24] - 
tures: 0.5-1', 5°, 15 10", 22°, 24°, and 28°C 


T emperature 


pH, time, total germination 


mination, length ¢ ‘ d indirect germina 
tion were studied Phe plate replacement method was 
used to ensure sporid I rua ige 

he-g81-GS aporidia were found te germinate fron 
0.5—] to 24°C after it f 1 24 hours The opti 
mum was at 16 ¢ vil ) seermination after 6 
hours. but after 24 hours the « ptimum was a range ot 
5-20 with germination of 94-96 (Fig. 6 \t pH 
1.0. sporidia cern ile Uo | to 4 ifter 6 hours 
and at 0.5-] to 28 ifter 24 hours The optimum was 
at 16 C. with 98 vel natiol ifter 6 hours while 
after 24 hours the optimum range was from 5° to 24 
with 93-940, germinatior 

Direct germination wa ored at pH 4.0 at all 


Ay ncreas¢ in 


tion was noted as temperature 


temperatures studied direct germina 


nereast ad 


except at 16 


where there was a drop to 69 and then a steady rise 
from 20° to 24 \t pH 6.8, direct germination was 
high at 5°. dropped at I and rose again at 20 


ie 3 ~ 
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Fig. 7. The effect of temperature and pH on direct and 


time 24 hours. 
ninimum and maximum tem 


of the germ tubes 


indirect sporidial germinatiol Cermination 
No record is presented at tl 


peratures, because of the small size 








Fig. 8. Effect of time, 


germination of sporidia. 


24 hours’ 


No record is presented lor certain tempera- 


temperature, and pH on the vigor 


ie results after germination are presented 


| 
in Fig he 


tures, because the germ tubes were too short to ascer- 


tain correctly whether the germination was direct or 


indirect. 

Fig. 8 shows vigor of germination at different tem- 
peratures after 6 and 24 hours at pH 4.0 and 6.8. At 
both pH 
ifte! but after only 6 hours the optimum at 
pH 4.0 was found to be 20 C. Very 


germ tube length is noted during the time 


units optimum vigor was displayed at 16 
24 hours, 
little increase in 
interval be- 
tween 6 and 24 hours at the temperatures above 20 
It is that sporidia showed 
greater vigor after 6 hours at pH 4.0 than after 24 
at pH 6.8 at the higher temperatures. At 28 


9») 


germ tube length averaged only 3. 


Pine nee dle Ss. 


onto the surface of needles was studied with respect to 


also of interest to note 
hours 


i. 


Germination of sporidia cast directly 


spec ies ot coniter as well as to type and Vigo! ot ver- 
mination. After sporidia were obtained by the plate 
replacement method, the needles were sprayed with 


sterile distilled water and subjected to the conditions 


| ABLE 2 Germination ot prumary sporidia or needles of 
Pinus lambertiana at various temperatures atter 24 
hours 
Temp y a / Av. of 
‘he, (,erm. »* LGT ° | 
0.5—] 35 (*) 10.6 (=) 
) 9] 100 0.4 0) 
13 06 99 74.1 I 
16 95 99 82.3 l 
20 95 99 77.1 ] 
22 89 100 34.6 0 
24 80 100 19.8 0 
28 2 =) 4.2 tee 
Direct germination. 
» Average length of germ tubes (in yu) during direct 
germination. Only the longest germ tube per spore was 


measured, 
Indirect germination. 
Not determined, because of small size of germ tube 
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Fig. 9. Germination of primary sporidia on needles of 
P. lambertiana at 16°C. Note predominance of 2-3 germ 
tubes per spore and branching of germ tubes. 


being studied. In the experiments conducted at differ- 
ent temperatures, however, it was found that a film of 
moisture could not always be maintained on the 
needles at temperatures of 16-22 C. Therefore, entire 
needles were laid on the agar without using coverslips, 
and then a film of water could be maintained. 

In the temperature tests. needles of Pinus lamber- 
tiana were used at various temperatures (Table 2). 
All tests were conducted in the dark because darkness 
was found in preliminary experiments not to be a 
limiting factor. Sporidia were allowed to germinate 
24 hours before being sprayed with cotton blue stain. 

\s found in the experiments on water agar, sporidia 
germinated at temperatures from 0.5-1° to 28°C. No 
tests were conducted above 28°. No significant differ- 
ence was found on total per cent of germination at 
temperatures 5° to 24°. The main difference was in 
vigor of germination. Since one of the aims of these 
trials was to determine the temperature at which sec- 
ondary sporidia are most frequently produced by pri- 
mary sporidia lying on pine needles. it was surprising 
to find that very few were formed at any temperature. 

{n interesting phenomenon noted with many spo- 
ridia was branching of germ tubes and a predominance 
of 2-3 well developed germ tubes per spore (Fig. 9). 

The average results of 3 experiments are presented 


OF SPORIDIA IN CRONARTIUM RIBICOLA 67 


in Table 2. The figures representing total germina- 
tion are approximations because of the difficulty of 
finding all the sporidia on the needles. 

Germination of secondary sporidia was tested only 
at 16 C on sugar pine needles. The sporidia were 
obtained by placing sections of agar containing pri- 
mary sporidia over the needles and allowing them to 
cast secondary sporidia. No direct germination was 
noted. Here, too, the vigor of germination was typified 
by branching of germ tubes and predominance of 2-3 
germ tubes per spore. The experiment was replicated 
8 times. Total germination was in the approximate 
range of 95-99°,, and the longest germ tubes averaged 
78.1 yw. 

Tests were also conducted to determine if type and 
vigor of germination differed on needles of different 
conifer species. Six species of white pines were in- 
cluded in the trials. The tests were run for 24 hours 
at 15°C. No significant difference was noted in type 
or vigor of germination on the six white pine species 
(Table 3). Even though no indirect germination was 
noted in white pines, it is possible that a few may 
have been overlooked. The only striking difference be- 
tween any of the other conifer species was the indirect 
germination on white fir. Although ponderosa pine 
appears to stimulate more vigorous germ tubes than 
the other species, it should be noted that 2-3 germ 
tubes were produced by sporidia on white pines and 
that each tube was of equal vigor. 
ribicola are formed 
under conditions of high humidity and proceed to ger- 
minate immediately. Although great numbers of spo- 
ridia may be produced on a heavily infected ribes 
plant, their immediate germination would tend to 
lessen the number capable of causing infection. Labo- 
ratory studies, however, have shown that sporidia are 


Discussion.—-Sporidia of C. 


capable of avoiding this exhaustion by the process of 
indirect germination. The process is a type of per- 
petuation resulting in the production of secondary, 
tertiary, etc., sporidia with each successive generation 
formed at the expense of the preceding one. 


Taste 3.—-Germination of primary sporidia on needles of} 


different conifer species 


% * % * Av. %* 

Host Germ. D' LGT ‘ Sos 

Abies concolor 90 80 63.0 * 20 
Pseudotsuga menziesii 83 97 67.5 ° 3 
Pinus ponderosa 99 95 105.3 *° 5 
P. lambertiana ‘ 99 100 85.0 * 0 
P. flexilis * 99 100 83.6 * 0 
P. ayacahuite ‘ 99 100 88.6 * 0 
P. monticola ‘ 99 100 76.2 © 0 
P. strobus ‘ 99 100 78.0 * 0 
P. excelsa ‘ 99 100 78.1 * 0 


“ Approximate percentages. 

" Direct germination. 

“Average length of germ tubes (in yg) during direct 
germination. 

“Indirect germination. 

“One germ tube predominates per spore. 

‘ White pines. 

*2-3 germ tubes predominate and branched; only the 
longest germ tube was measured, 








Arthur (1) considered indirect germination to be 
an abnormal development that occurs when conditions 
are not present for normal germination, and he thought 
of secondary sporidia as being less perfect than pri- 
mary sporidia. It is questionable whether this is actu- 
ally abnormal germination. The resultant spores may 
be slightly smaller but are not less perfect: they are 
able to produce germ tubes equal in vigor to those 
produced by primary sporidia and are able to infect 
sugar pine needles. (The pathogenicity of secondary 
and tertiary sporidia will be reported in a later paper.) 


The the conclusion 


that indirect germination is a means of vegetative per- 


results presented here point to 


petuation and an aid in dispersal and longevity of 


sporidia and that a sporidium, with its ability to ger- 


minate either directly or indirectly, can act as an 


organ of infection or as an organ of sporulation. 
Germination per se was not found to be an accurate 


measure of sporidial response. Several other factors 
had a marked effect. 
(direct or 
germ tubes). the period involved, and the kind and 


\ true picture of sporidial 


including: type of germination 


indirect), vigor of germination (length of 
condition of the substrate 
response cannot be presented without considering all 
these factors. For example, germination data suggest 
that sporidia germinate equally well over a wide range 
of pH. That this is not true 
germination and the length of germ tubes at various 
pH units. at pH 3.0, 
whereas indirect germination was highest at pH 9.0 
10.0. Production of secondary sporidia occurred, how- 
ever, from pH 4.0 to 11.0. Germination was inhibited 


at pH 2.0. Secondary sporidia followed the same pH 


s shown by the type of 


Direct germination was highest 


response trend as the primary sporidia. 
The data 
range of sporidia germination beyond that reported 


by Hirt (8). 


reported herein extend the temperature 


Studies on vigor of germination brought out the need 
for consideration of the time factor. This factor plays 
a much more important role under fluctuating field 


conditions than under controlled conditions as regards 


duration of meteorological situations for 


production, dispersal, germination, and infection. The 


optimum 


results presented here suggest that a somewhat longer 
but warmer period will ultimately give as much infe¢ 
tion as a shorter, cooler period. 

The role of indirect germination in nature is as yet 


undetermined. It has been shown in_ preliminary 
studies that secondary and tertiary sporidia form abun- 
dantly on droplets of rain water and therefore could 
flight. 


lambertiana, 


formed in 
of Pinus 
to 98 & 


ence noted in germination per se¢ 


conceivably be 

sporidia germi- 
significant differ- 
to 24°. The 


again, in vigor of germination. 


On needles 


from 0.5—1 with no 


nated 
from 5 
prime difference was, 
On white pine needles, vigor was manifest not only by 
the length of germ tubes but also by the fact that 2-3 


germ tubes per spore predominated on most of the 


spores and appeared to exhibit equal vigor. It is not 
a sporidium to 


uncommon on water agar tor 


» 


at all 


5 germ tubes per spore; however, only one 


produce 2 
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of these proceeds to elongate. Branching of germ tubes 
was also common on white pine needles. Very few 
secondary sporidia were formed on the needles at any 
temperature. In this case, vigor of germination should 
be measured by germ tube growth during direct ger- 
mination, and not by indirect germination. Whatever 
stimulus the spores are receiving from the host is 
being utilized in growth of the germ tubes. It may 
be that here lies support for the argument that indirect 
germination is a result of the spore’s being unable to 
find a suitable host or substrate. 

The predominance of direct germination on needles 
can be somewhat correlated with the response found 
in the pH trials. Experiments now in progress show 
that the pH of a film of water on needles decreases 
with each successive washing of the needles, whether 
the wash water used is laboratory-distilled water or 
rainwater. Engel (6) tested the pH of water collected 
from various conifer needles and found it to be quite 
acidic (4.0—4.68). 

As with the experiments on time-temperature-pH, an 
increase in germ tube length was noted on pine needles 
16-20 C, 


as the temperature increased to the range 
after which the germ tubes began to decrease in 


length. At 28° they measured 4.2 ». Germination of 
secondary sporidia followed the same pattern as that 
of primary sporidia, exhibiting predominance of direct 
germination and 2-3 germ tubes per spore. 

Germination of primary sporidia on 6 species of 
white pines showed no significant difference in type 
or vigor of germination. Variation of different white 
pine species in susceptibility to the rust is evidently 
not due to a variation in the suitability of the needle 
surface for germination of sporidia. This is apparent 
by comparing germination on P. excelsa, a moderately 
susceptible species, to that on P. lambertiana, a highly 
susceptible species. 
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SUMMARY 

\ spray technique for applying precise, small 
amounts of oil to single leaves of banana plants in 
the field was developed for the evaluation of oils 
for Sigatoka leaf-spot disease control. Applications 
of an oil at 1.16, 1.85, and 3.06 gal./A. produced 
respective median deposits of 1.6, 2.6, and 4.3 
mg/100 cm’ of leaf surface. To reproduce these oil 
deposits on single leaves, a spray arrangement used 
an artist’s airbrush connected to a tank of com- 
pressed air equipped with a reducing valve. The 
spray oil was delivered to the airbrush by a pipette 
inserted in the fluid intake. Spray rates were accu- 
rate to the nearest 0.01 ml, and the average par- 
ticle diameter was 48 uw. The oil was directed to 
the leaf tissue by a cloth-covered shield. The oil 
deposit on the sprayed area was reproducible. 





Evaluation of low-volume oil sprays requires a tech- 
nique that applies precise. small amounts of oil to 
single leaves under field conditions. It was recently 
discovered (2) that mineral oil alone, sprayed in low 
volumes, controls the Sigatoka leaf-spot disease of 
bananas whose pathogen is Mycosphaerella musicola 
Leach. Since then, such oil sprays have come into 


wide use’ (1) in banana-producing areas: however, 
little is known of the factors involved in disease con- 
trol and phytotoxicity. Oil misted at rates as low as 
] gal./A. is sufficient for disease control although such 
applications deposit very small amounts of oil per unit 
of leaf area. Critical evaluation of oils requires a 
spray method that will apply reproducible deposits to 
individual leaves in quantities comparable to those 
obtained under commercial spray operations. 

Precise laboratory spray techniques for small potted 
plants have been described (3, 4). These techniques 
are unsuitable for bananas because of the relatively 
large size of even young plants. Moreover, it is desir- 


Information from United Fruit Co., 80 Federal St., Bos 


ton Mass. 


T. Theis, and C, Colberg 


able to obtain data on field plants exposed to a natural 
environment. 

First, this paper presents a determination of the 
amount of oil deposited on banana leaf surfaces 
sprayed by a commercial method; and second, details 
are given of a small-scale technique adapted for de- 
positing precise amounts of spray oil, equivalent to 
commercial rates, on single banana leaves in the field. 

Determination of oil deposit on banana leaves 


sprayed by a commercial method.— Materials and 


methods.—The test was carried out in a 150 200-ft. 
plot of mature Dwarf Cavendish plants spaced 


5.5% 10.0 ft. One hundred and forty-eight squares of 
aluminum foil, each 10X10 cm, were numbered and 
weighed individually to the nearest 0.1 mg. After the 
dew was wiped off the leaves, 1 square was placed at 
random on the upper surface of each leaf of 12 banana 
plants located in the center of the plot. 

Spraying. carried out when wind velocity was less 
than 5 mph, was with a back-mounted, gasoline-driven, 
mist sprayer? commonly used on commercial banana 
farms. According to accepted practice, the operator 
walked along each row of plants with the spray nozzle 
pointing straight up. The stream of oil mist, shot 
15-20 ft. above the plants, then settled down on the 
leaves. The oil in the spray tank was measured before 
and after the application, and the rate computed in 
gal./A. The oil used was a highly refined mineral oil 
(#1LO-2144, sp. gr. 0.8514, vise. 88.5 S.S.U. at 100°F) 4 
Immediately after the plot was sprayed, the aluminum 
squares were removed, folded to protect the sprayed 
side, and reweighed in the laboratory. The hands of 
the collectors were kept free of oil by periodic use 
of acetone and towels. 

No significant evaporation of the test oil from the 
foil takes place under conditions similar to those dur- 
ing the experiments. This was determined by spraying 
5 mg/100 cm’ on each of 10 aluminum squares. They 
were weighed immediately and placed outdoors in 
direct tropical sunlight. One hour later, the squares 
were reweighed, and no statistically significant change 
in weight occurred. 


Motoblo spraying machine manufactured by the Kent 
Engineering and Foundry, Ltd., Maidstone, Kent, England. 
Supplied by the Esso Research and Engineering Co., 


Linden, N. J. 
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Fig. 1. 


mercial-type 


mist s 


Results. Oil 
termined for 3 spray rates—] 


depositions on banana leaves were de- 
16 3.06 gal./ A. 


Phe weight 


and 
Fig. 1. 


of all aluminum squares increased, indicating that the 


1.85, 


Typical results are presented in 


oil-mist reached every leaf s impled. The few cases of 


high deposits shown in the histogram are probably 


due to an oceasional direct blast of oil mist from the 


spray nozzle as it passed close to the leaves. Because 
of the skewness of the results. the median values rather 


When the median deposi- 


against rates of application, 


than the means were used. 
tion values were plotted 


they were found to fall on a line intersecting the 
origin (Fig. 2). This line was used to estimate the 
median deposition values that would result if other 
rates were applied with the mist sprayer using the 


same oil. 


the tests indicate the deposit 


The results of spray 
range that must be reproduced accurately by a small- 
scale spray technique for the critical evaluation of 
oils. Most commercial oil sprays for bananas are ap- 
plied at the rate of 1-3 gal./A. This range is equiva- 


lent to a deposit of 1.4—-4.2 mg/100 cm’ of leaf area as 
calculated from Fig. 2. A successful microspray tech- 


nique must, therefore. be able to deposit these minute 


) 


amounts of oil on individual banana leaves. 
Technique for applying small amounts of oil to 
leaf Vaterials.— The 
for the small-scale technique consists of an 
artist’s airbrush*t connected by a thick-walled hose to 
a small tank of compressed air 


banana surfaces. apparatus 


spray 
a reducing valve on 


Paasche Airbrush Co., Chicago, Il. 


nozzle is used 


‘Manufactured by the 


? 


The number 3 


148 squares of aluminum foil attached to banana leaves sprayed with a 


com 


\ small gas fitting is attached to the 
The reducing 


(Fig. 3-A). 
fluid intake on the airbrush (Fig. 3-B). 
valve is a standard 2-stage oxygen type. The tank of 
compressed air is of a size and weight that can be 
carried conveniently to the field. 

\ spray shield (Fig. 3-A,D) is used to confine the 
oil deposit to the leaf area to be sprayed. The shield 
is shaped somewhat like a megaphone, being 2 ft. tall 
and having an open base 914 in. square. Welded to 
the top of the shield’s frame is a metal collar whose 
center hole permits the airbrush nozzle to fit snugly 


into place and point directly at the center of the leaf 
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Fig. 2. Spray rate plotted against the median weight of 
oil deposited per unit area of leaf surface. Three applica- 
tion rates (1.16, 1.85, and 3.06 gal./A.) were tested, using 
the same oil 
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section covered by the shield. The shield’s frame 
(Fig. 3-C 
ered with muslin. A piece of pressboard, 2 ft. square, 
9 
o- 


\) sup- 


is of heavy wire welded together and cOoV- 


with a handle attached to the center (Fig. 
ports the leaf. thereby minimizing me hanical injury 
of the leaf by handling. 

Vethod.—The oil to be sprayed is placed in a 1-ml 
pipette calibrated in 0.01-ml units. If the diameter of 
the tip is too small for a satisfactory flow, the point 
is ground back to a larger size. The tip of the pipette 
is inserted through the gas fitting, which holds it in 
place in the fluid intake of the airbrush (Fig. 3-B). 
Most 1—5-ml pipettes fit snugly in the airbrush intake, 


thereby preventing oil leakage. The pressure regulator 

















Fig. 3. A) Equipment used for the spray technique: airbrush (1), spray shield (2), 
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on the tank is adjusted to give a uniform nozzle pres- 
sure when the fluid is being sprayed. An arbitrary 
pressure of 12 lb. per sq. in. was used. Before use, 
the airbrush is fired briefly to ensure a continuous 
column of oil from the pipette to the nozzle. 

The airbrush nozzle is inserted into the collar of 
the spray shield, and the square pressboard support is 
placed under the leaf, which is held as close to hori- 
zontal as possible. The shield with the airbrush is 
rested on the upper leaf-surface (Fig. 3-D), and a 
predetermined amount of oil is sprayed to the nearest 
0.01 ml. Although wisps of sprayfog may escape at the 
bottom of the shield, the oil deposit is restricted to 
the leaf area covered by the shield. In actual practice, 





pressboard support (3), and 


tank of compressed air with regulator valve (4). B) Closeup of airbrush, with nozzle inserted in the spray shield. The 


pipette tip is held in place in the fluid intake of the airbrush by means of a gas fitting (5). 


C) The frame of the spray 


shield. D) The equipment being used to spray a banana leaf in the field. 





TABLI & f{verage weight ar standard deviation of repli- 


cated oil deposits ono 6 cm Of wax paper at ear h 


of © spray rate 


Amount of « Estimated 
Oil deposited spray rate 
sprayed Meg per Standard Gallons Standard 
per shot 100 em deviation per acre deviation 
(ml) 
0.05 1.10 0.1 0.78 0.12 
0.08 1.89 2] 1.35 O.15 
0.10 2.16 0.19 1.54 0.14 
0.30 ».93 1? LO] 0.30 
0.60 11.9] { 8.48 0.36 
0.90 17.59 1.13 12.52 0.80 
Average of ls re pire 
" Spray rate estimated fi ; 
only one-half of a bana leaf is treated. while the 
other half is left as an unspraved check. A number 


ilong one side ota leaf are 


leaf-half 


of successive applic iftions 


necessary to cover in entire since banana 


leaves are usually 3—6 ft. long After completion of 
a given oil treatment. the airbrush and pipette are 


cleaned with acetone and flushed briefly with the next 
oil to be used 

must be made on the basis 
It was found that 


the amount deposited on leaves may vary with different 


Comparisons between oils 


of equal deposits per unit leaf area 


oils when any fixed volume is discharged from the 


airbrush. Therefore. each oil is first spraved in the 
discharge volume that will 
Pieces ot 


sprayed with the test oil using 


laboratory to determine the 


give the deposit desired. was paper Y in. 
square are weighed, 
the airbrush-spray shield assembly, and reweighed to 
the nearest 0.5 mg 1 minute later. A new paper is 
used for each subsequent spray 

The size of the pipette opening at the delivery end 
affects the quantity of oil deposited. A comparison was 
made with a given oil using pipettes of the same type 
differing in the size of 
ings: the differed statistically at 
the 5% When different oils are 


sprayed, therefore, the same pipette should be used. 


and capacity but their open- 


resulting deposits 
level of significance 
Reproducibility of spray deposits.-The reproduci- 
bility of spray deposits of oil no. LO-2144 at several 
given discharge rates was measured in the laboratory. 
of 6 discharge rates 


Table |] 


marizes the results obtained at each discharge rate in 


One application at each was 


tested, and this was repeated 15 times. sum- 
and also as estimated 
The latter 


terms of mg deposited LOO em 
gal. A. that 


would such a deposit. 


oive 
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were calculated from the curve in Fig. 2. The repro- 
ducibility of spray deposits obtained is indicated by 
the standard deviations. These deviations become in- 
significant when compared with the variations observed 
on the sprayed leaves in the field (Fig. 1). 
Distribution of the deposit and particle size. 


uniformity 


The 
of the oil deposit was measured on the 
sprayed area covered by the shield. Squares of alu- 
foil, 6 


individually. 


minum <6 cm, were numbered and weighed 
Five positions were selected within the 
the shield. i.e., 


An aluminum square was placed in 


area covered by the center and each 
of the 


each of the 5 positions, the whole area was sprayed 


L corners. 


with 0.1 ml oil, using the airbrush, and the squares 
were then reweighed to determine the oil deposit. This 
test was replicated 10 times. The average oil deposit 
1.97, 1.99, 
and 2.07 mg/36 cm* while the center position received 


for each of the corner positions was 1.79, 


an average of 2.56 mg. The amount of oil deposited in 
the center of the sprayed surface was significantly 


c 


higher at the 1% level than the areas near the corners: 
among the latter there were no significant differences 
in oil deposit. 

The droplet size was estimated by using glass slides 
placed at the 5 positions under the shield and sprayed. 


Within 


examined microscopically using an ocular micrometer 


5 minutes of being sprayed, the slides were 


for measuring. No noticeable evaporation occurred 


during the period of observation. The extremes in 
droplet diameter were 13 and 136 u. The averages for 


) 


the 5 positions ranged from 44 to 52 u.. with an over- 


all average of 48 uw. These figures fall in the lower 
part of the range of droplet diameters obtained from 
the commercial-type mist sprayer, where the extremes 
were 26 and 473 u., with an over-all average of 181 a. 
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SUMMARY 

Resistance to potato virus Y, derived from 2 dif- 
ferent strains of Capsicum annuum designated P11] 
and S.C. 46252, was found to be inherited as a sin- 
gle recessive factor denoted by the symbol y*. Both 
resistant pepper strains were homozygous for the 
recessive allele. The susceptible varieties California 
Wonder, Florida Giant, Improved Worldbeater, and 
Yolo Wonder dominant 
allele ¥ 


were homozygous for the 





been found on_ bell 


(9) throughout Flor- 


Potato (PVY) has 


peppers (Capsicum annuum L.) 


virus \ 


ida and has been especially destructive in the southern 
part of the state (1, 8). 

Relatively little has been reported on the inheritance 
in pepper of Py &. pep- 
per viruses of Puerto Rico (7) and Trinidad (3) were 
related to 
found on 


resistance to The common 
1 of them was serologically 
PVY (5). Both strains differ from 
pepper in Florida (2). The resistant variety Puerto 
Rico Wonder was developed from the resistant Cuares- 
meno variety, but both showed mild symptoms when 
infected with the Trinidad strain (3, 6). Resistance 


“single genetic 


similar, and 
those 


from Cuaresmeno was inherited as a 
factor” (6). In contrast, the PVY strains studied in 
Florida caused no symptoms on resistant varieties P11] 
and S.C. 46252 (2). It is known (personal correspond- 
with P. V. V. Weber and J. N. that 
there are other pepper varieties resistant to certain 
PVY strains found in the United States. 

Following the discovery (2) that varieties Pl] and 
SC (S.C. 46252) (FY Tz, 
tobacco etch virus, and tobacco mosaic virus), a study 
of the genetics of the resistance of these 2 varieties to 
PVY was undertaken. Other workers have previously 
studied the inheritance in pepper of resistance to the 


ence Simons) 


were resistant to 3 viruses 


tobacco etch and tobacco mosaic viruses. 

Materials and methods.--Virus strains previously 
designated PVY-N and PVY-C (2) were used. 

The resistant peppers Pll and SC 
with the susceptible varieties CW (California Wonder), 
FG (Florida Giant), IWB (Improved Worldbeater). 
and YW (Yolo Wonder). Backcrosses 
plished in the F, generation. 

Test populations were inoculated by the carborun- 
dum method of mechanical inoculation. With the ex- 
ception noted below, all plants that did not develop 
symptoms were reinoculated 2-3 weeks after the first 


were crossed 


were accom- 


inoculation and observed for an additional 21—30 days. 
Tabasco pepper plants (Capsicum frutescens L.) were 
and identity. 

grafting 


inoculated to check virus infectivity 
Attempts were made to recover virus by 


scions from resistant graft-inoculated F. plants onto 


healthy susceptible pepper stocks 32-63 days after 


inoculation. 
Except where noted, a population included all the 
plants derived from seed of a single fruit. 
Results. The 


tion of F, progenies are listed in Table 1. 


results of inocula- 
There are 


F, inoculations. 


some apparent discrepancies in that not all plants 
were recorded as susceptible, but 2 explanations are 
offered. First, no F, test plants were reinoculated, and 
the single plant that failed to exhibit symptoms fol- 
lowing inoculation with PVY-N was probably a skip. 
Second, the 39 plants listed as uninfected after inocu- 
lation with PVY-C were probably read erroneously. 
They were the first F, plants to be inoculated, and 
developed (after an unusually long incubation period) 
a type of mild mottle not attributed to PVY-C at the 
time. All 6 attempts to recover virus from uninocu- 
lated parts of these plants were successful, and all F, 
plants subsequently inoculated with PVY-C were ob- 
viously diseased. All of the attempts from 
uninoculated parts of F, plants inoculated later were 


recovery 


successful. 

F, and F Table 2 
ratio of susceptible to resistant plants among various 
F, populations was about 3:1. All but a single F, 
population contained more than 16 plants, a number 


inoculations. shows that the 


sufficient to ensure the occurrence of at least 1 homo- 
zygous recessive genotype with a probability of 99:1 
(4). The only <0.05) 
from the 3:1 ratio occurred IWB . Pll 
populations. Consequently, resistance to PVY-N ap- 


significant deviation (P 
among the 


pears correlated with the homozygous condition of a 
single recessive gene herein designated y*. 

Infected scions were cleft grafted onto each resistant 
stock of 2 F, populations. None of 4 CWX P11 and 
20 CW XSC stocks developed symptoms after graft 
inoculation, and scions taken from each of these re- 


sistant stocks failed to transmit PVY-N to healthy YW 


Taste 1.—Results of mechanical inoculation of F 
with two strains of potato virus ¥ 


progentes 


PVY-N 
Number of plants 
Infected * 


PVY-( 
Pedigree of Number of plants 


test plants Inoculated Inoculated Infected * 


CW x Pll ]2 12 3] 1] 

FG x Pll 10 10 29 10 

IWB~x Pll 2! 20 19 19 

YW x Pll" 24 24 +4 4 
Total 67 66 y } 84 

CW x SC 16 16 6 6 

FG x SC 10 10 

IWBxSc } } 

YW xSC 18 18 7) ” 
Total 18 18 15 15 


* Number of plants visibly infected 
" Test plants from appropriate reciprocal crosses included. 








74 


Re 


TABLE 2. 


Ps digree ot 
F, hybrids S 


CW x P1l “) 


FG x Pll 


IWB = PI] 


YW x Pll 


Potal 


IWD «© S¢ 


Total 


stocks. These res 
the resistant F., plants 
ant parents and that the 
entirely pre 


Conseqaus 


limits o1 


homozygous 


PHYTOPA 


inoc 


idditional evidence that 
re ; resistant as the resist- 


TECeSSIVE rene \ —¢ verely 


is multiplic ition when 


he effect of v@v cannot 


be attributed to prever of virus establishment 
following sap inoculatior ind must be attributed 
to the limiting effect on multiplication 

As a further test of the gle-recessive theory of 
resistance. a number of ptible and resistant 


plants were allowed to se 
populations inoculated 


plants produced only res 


limits of experimental error 


tible F. plants 


pro ced 


PasLte 3.—Genot 
Varietal cross 
from which fk 
plants were 
derived 


CW Pll 
FG x Pll 
IWB~x Pll 
YW x Pll 
Total 
CW x SC 
IWBx S¢ 
YW x S¢ 
Total 


* Populations consisted of 
Ong 0.000; P 99 


xv 1.929: P 


All 


progenies 


resistant 


| | 

t seed and the resulting | 
I 

Within th 
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ulation of F; populations with PVY-N 


y° analysis 


Total Pooled Heteroge neity P 
}.669 =; 
0.900 . 
2.769 me | 
5.616 ba 
2.504 1-2 
5.112 and 
11.304 02-05 
0.104 7-8 
11.200 02-.05 
7.692 5 
0.,608 > ’ 
6.924 5 
28.281 + ae. 
1.972 l »] 
26.309 a 
1.452 = 
0.181 ae 
1.26 . 
04 2 3 
5.084 O05 10 
1.720 3 
04 . 
0.908 i 
2.676 », 
15.440 5—.7 
, evo y , 
I ) om , 
1.768 ey 

and two-thirds yielded segregating F., populations. 


populations.—With the exception of 2 


backcross data (Table 4) substantiate the 


Backcross 


cases, the I 
single-recessive theory of resistance. The first excep- 
tion |(FG*SC)XFG] was apparently an F, self. 


YW) 


tion from the expected ratio explained as a 


The second | (SC SC] was a significant devia- 
chance 
occurrence, 

factor v° con- 


Although 


fers resistance when homozygous, 


Discussion. the recessive 


present information 
is insufhecient to determine whether or not the recessive 


Pl How- 


differences in noted 


from SC, 


P\\ 


is identical with that 
to 


gene from 


ever, no response were 


one-third of the suscep between resistant plants derived from P11 and those 
susceptible seedlings from SC. 
nd resistant F, plants by mechanical inoculation of F populations * 
Nu rot F, plants whose Genotypes of } plants as 
progency were tested derived from progeny tests 
Susceptible Resistant YY Yy VV 
) » c » 
- ~ ) & 
y = , ’ 
2 l } 2 
) ) i) = J 
24 8 8" 16 8° 
») ’ y 
- - ) & 
} 6 ; 
2 ] 6 2 
. t 17 7 
rag KF, seedlings from each F; plant. 
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TABLE +4 Results and \ mnalysis (1:1 and 1:0) of mechanical inoculation of F, backcross progenies with PVY-N 
Pedigree of 
backeross Number of plants Degrees of y analysis 
plants Susceptible Resistant treedom Total Pooled Heterogeneity P 
(CW x Pll) x Pll 44 13 
(FG x Pll) x Pll 25 32 
(FG x P11) x Pll 30 29 
(YW x Pll) x Pll 29 34 
Total 28 IS 5 1.284 1-8 
] 0.376 a 
2 0.908 om | 
(Sé YW) xS 30 18 $154 .02-.05 
(CW Pll) x CW 55 0 
(IWBx Pll) x FG 74 0 
(YW x Pll) x YW 5 0 
Total 134 0 2 0.000 99 
l 0.000 99 
l 0.000 _99 
(cW S( x FG 53 0 
(FG x SC) x FG 28 7 
cst YW YW 130 0 
| i 183 Q ] 0.000 99 
l U.U000 99 
Not included in y° analysis. 
Other peppers resistant to PVY strains are known, 2. Cook, A, A., anp C. W. Anperson. 1959. Multiple 
but comparable genetic studies using identical PVY virus — Pa a ae. Capsicum an- 
: nuum L, Phytopathology : 198-20 
solates have 1 “en reported. Differences in PVY ; : 
isolate lave 1ot bn en repo! ed | ule ence in , Dare. W. T. 1956. Views dlecnees of eoleee eous crops 
strains used and in reported reactions of resistant in Trinidad. Trop. Agr. (Trinidad) 33: 35-50. 
plants also prevent comparison of the recessive gene 1. Knicut, R. L. 1948. Dictionary of genetics, including 


terms used in cytology, animal breeding, and evolu- 
tion. Chronica Botanica Co., Waltham, Mass. 183 p. 
: >. Pérez, J. E.. anp J. Apsuar. 1955. Antigenic relation 
Puerto Rico Wonder (3, 6). ship between Puerto Rican pepper-mosaic virus and 
inoculation tech- a strain of potato virus Y. J. Agr. Univ. Puerto Rico 
39: 165-167. 
6. Riottano, A., J. Apsuar, ano A. Ropricuez. 1948. 
é Breeding peppers resistant to a Puerto Rican type of 
(which varied in age at inoculation) were consistently mosaic. Proc. Am. Soc. Hort. Sci. 51: 415-416. 
ted by the first inoculation. Moreover, after re- 7. Rogur, A., ano J. Apsuar. 1941. Studies on the 


intected 
inoculation, limited grailt inoculations failed to reveal ee of peppers (Capsicum irutescens) in Puerto 
Rico. J. Agr. Univ. Puerto Rico 25: 40-50 


y* with the “single genetic factor” responsible for 


resistance in Cuaresmeno pepper and its derivative, 


The reliability of the mechanical 
nique used in the present study was supported by the 
fact that more than 99°, of the susceptible plants 


> “ence ¢ additi susceptible ple = "Tori: > 
the | rt idditional uscephi plant —Florida 8. Simons, J. N.. R. A. Conover, ann J. M. WaALrer 
Agricultural | xperiment Station, Gaine sville. 1956. Correlation of occurrence of potato virus y 
with areas of potato production in Florida. Plant 


Disease Reptr. 40: 531-533. 
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A disease k is blast was tound to 

be caused by several species of Botrytis. the com- 
monest of which B. a Spores germinating on 
the surface of onion | iused spotting typical 
of blast if the plant e incubated in a humid 
atmosphere ind received ¢ on light Shortly after 
appearance of the | tting phase the tips die 
back and the plants lie prematurely Phere 
is no evidence of cuticul r stomatal penetration 
by the germinating nd hyphae were not 
found in the lesior When the fungus was grown 
in nutrient broth plu se, a toxin was pro 
duced capable or if spots indistinguish- 
able trom those ip the germinating spores 
of Botrytis. The d ise was controlled by spraying 
onions at weekl th various protective 
fungicides, such ferbam, and captan, all 
of which signif ed ed the number of leaf 
spots cause 1 Botrytis ind subsequent 
blighting. 

\ disease know: has frequently caused 
serious losses to or in New York and other 
states. Other names sease include “blight.” 
“tip burn.” and “tip bl Symptoms resulting from 
blast may be conf with those caused by 
thrips, drought. or ex noisture, all of which 
can cause eventual B n blast such dieback 
is always preceded t leaf spotting 

The first report ymptoms similar to those of 
blast was made by Whet described onion 
leaves becoming white { l—3 1 down trom 
the tips. No mentior i le f the leaf spotting 
phase ot the disease Whetzel tho ight the cause was 
wet weather and poor The leaf spotting 
was first mentioned by ( t n Connecticut (1 
who des« ribed vellow leaves a caused Db 
a Botrytis. He later 1 that no tungus was re 
sponsible for blast Vi ! ) also re ported 
B. allii Munn as pat ( leave Dorar 
and Bourne (3) and concluded that the 
disease was of a phys t Jone ide a 
study of the envy f t itributing to 
blast and concluded t t tl were the result 

of excess water loss piration esulting 
in death of part of the le ‘ That Bo . oht 
have been present har é ! 
interesting possibility 

Symptoms. Blas 1 as st 
phenomenon: | lk lowe 


SPOTTING ( 


gall and 


as the 





ALSED BY SPecCiEs OF BOTRYTIS 


\. U. Newhall 


Fig. 3 Yellow Globe. 
{ 


showing abundant leaf spotting and 
of “blast.” 


unsprayed, 
dieback symptoms 


Variety midseason, 


some 


both typical 


) 


by 2) a dieback of the tips, proportional in extent to 


the severity of the spotting, which after a few days of 
warm, humid weather may result in almost complete 


rhe 


and the final stage 


hloronemia! and blighting of the foliage. spot- 


ting phase is illustrated in Fig. 2. 


in I ig l 


Many spots develop green halos that persist 
leaves be ome ¢ hloronemi 
ln the field. blast 


usually occurs when the foliage 


y wi ‘due to degeneration § or disorganization of 


t phvi or chl roplasts” as distinct from “chlorosis 
fue ‘ failure of development ot green color in chlor 
hvious tissue Whetzel’s terminology 





os 
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area is at its maximum, before the bulbs have enlarged these succulent necks provide an excellent infection 


appreciably and while the necks are still succulent court for neck- and bulb-rotting organisms. Thus 


Bulbs therefore remain small and necks remain soft Botrytis neck rot in stored onions is very likely to be 


When such onions are harvested and the tops removed, more severe following seasons in which blast is 

















Fig. 2. A) Onion leaf (x8) showing typical natural spotting. B) Spotting resulting from spraying leaf with fungus 
freed filtrate of a four-day-old nutrient glucose broth culture of Botrytis allii. C) Similar spotting from a water suspen 
sion of Botrytis allii spores. D) Germinating spores of Botrytis cinerea on surface of onion leaf, cleared in saturated 
chloral hydrate and stained in .05% acid fuchsin in lactophenol; showing no penetration of the host, either cuticular or 


stomatal (> 254). 








prevalent. 


Tests on cause of blast...Work by Clinton (2) 
and Jones (4) showed that the occurrence of blast is 
correlated with certair weather conditions Accord- 
ingly detailed records of air and soil temperature, 
relative humidity (RH) nfall, and water table were 
kept in Orange County muckland onion fields for 4 
growing seasons 

Air humidity was found critical for the leaf spot- 
ting phase, and air temperature is important for the 
leaf blighting phase. Leaf spotting occurs when RH 
is close to 100% for at least 24 hours. Leaf blighting 


occurs after the leaf spotting phase and requires tem 


peratures above 80 | Presumably. these two factors 


respectively favor spore germination and rapid tran- 
spiration. 
To study the effect of wen 


of cloudy cellulose acetate. 50 LO 


RH on onions, a shelter 
10 in., was placed 
onions growing 1n the field. coverimg them com- 


Water was then 


periods 


ove! 
chamber 
up to 36 hours using a tank 


While the onions 


pletely. sprayed into the 


continuously for 


of oxygen as a source ol pressure, 
were sprayed the RH under the shelter ranged from 


70 to 100c,. A} the close ol the 16 hour period many 


newly formed leaf lesions were found on leaves of 


onions atomized with this water. Leaves of plants not 


enclosed and therefore not subjected to artificialls 


high humidity did not show any additional spotting. 


High humidity is evidently one necessary factor in 
leaf spotting. 

It was noted that conidiophores of Botrytis were 
commonly associated with senescent onion leaf tips. 
Leaves of onions growing in the field were accordingly 
inoculated by spraying with spore suspensions pre- 


pared from pure cultures of this Botrytis. Check plants 
were sprayed with water. Both inoculated and check 
plants were then covered with moist chambers made 


of unpolished cellulose acetate and incubated for 48 


72 hours. The inoculated plants developed a_ high 
incidence of spotting typical of the leaf spot phase of 
blast; the check plants showed only occasional iso 
lated spots. The presence of Botrytis spores is evi- 


dently another very important factor in the production 
of leaf spotting. 
The effect of hi 


was demonstrated later in the 


gh humidity on sporulation of B. alli 
laboratory by inoculat- 
ing dried, healthy onion leaves with a spore suspen- 
sion and suspending these leaves over various concen- 
In 3 


spores developed in satu- 


trations of sulfuric acid in air-tight chambers. 
davs. conidiophores bearing 
rated atmosphere, and in 5 davs they were evident at 
every RH down to 80 

The effect of light on this 


studied next. grown in 


spotting phase was 


Onion plants the greenhouse 


were inoculated with a spore suspension of By allii 
and placed in a specially constructed moist chamber 
was maintained close to saturation 


sides of the 


in which humidity 


by water constantly running down the 


In some experiments the chamber consisted 


chamber. 
of 36-gal. 


After incubation periods 


water in the bottom. 


hours in the dark 


pails with 


if 24-72 


covered 
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only a few leaf spots appeared, and only on older 


leaves. However, on plants inoculated and then en- 
closed in light-transmitting polyethylene bags and in- 
cubated 72 hours in the open greenhouse. the spots 
developed were similar in both quantity and appear- 
ance to spots resulting from field inoculations under 
normal light conditions. Control plants enclosed in 
bags and sprayed with water only, and plants inocu- 
lated but not covered, showed no leaf spotting. Fur- 
thermore, plants covered with polyethylene bags but 
incubated in the dark showed no leaf spotting. It was 
thus demonstrated that the leaf spotting phase of onion 
biast occurred only when leaves of onions inoculated 
with Botrytis spores were incubated under conditions 


of high RH and strong light. 


Spore load and extent of leaf spotting.--The 
concentration of a series of spore dilutions in water 
was measured with a Fuchs-Levi counting cell. A 50- 


ml aliquot of each concentration was then sprayed 
onto each of 4 onion plants of about equal size. The 
plants were covered with polyethylene bags and incu- 
bated 48 hours in the greenhouse and leaf spot counts 
then made (Table 1). 

Not only 


tween spore 


fairly straight-line relation be- 


number of 


is there a 


load and spots but the indi- 


vidual were larger where the concentration of 


spores was the highest. This is confirmatory evidence 


spots 


of toxin production by germinating spores of Botrytis 
as the cause of leaf spotting. 
viability. 


Inoculum and When it had 


thus been established that Botrytis was a cause of spot- 


sources 


ting of onion leaves, attention was turned to the source 
of this inoculum. Although Botrytis conidia and conid- 
iophores could not be found on individual leaf spots, 
they were found in many fields in profusion on necrotic 
areas of onion leaves and on older dead leaves through- 
out the growing season. During periods of high soil 
outer senescent leaves 


bulbs. They 


abundantly fruiting on cull onions discarded the pre- 


moisture they were found on 


and scales of small growing were also 
The fungus was also isolated from com- 
mercial onion sets, but not from seed. It is believed, 


though not yet proved, that in damp, humid, warm 


vious vear. 


weather, great showers of Botrytis spores may occur 
in many onion fields. Later, in greenhouse tests, 


Botrvtis spores sprayed onto leaves of potted onion 
plants could apparently retain their viability or ability 


to cause spotting fer up to about 8 days (Table 2). 


Paste 1.——-Relation of centration to number of 


spots per leat 


spore col 


Mean no 
No. spores/ml spots per plant 

991.250 222 
371,290 , 28 
106,850 24 
10,000 9 
12.900 4 
6.678 } 
1,094 0) 

0 U 
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Tante 2.—Duration of viability of spores on dry, living 


eares 


Mean 
[reatment after spraying plants with spore spots per 
suspension and drying before a fan plant 
Incubated while still wet for 48 hours 158 
2. Fan dried before incubation 170 
. Fan dried and held 24 hours before incubatior 240 
1. Fan dried and held 48 hours before incubation 102 
5. Fan dried and held 4 days before incubation 115 
6. Fan dried and held 6 days before incubation 126 
7. Fan dried and held 8 davs before incubation 28 
8. Fan dried and held 10 days before incubation U 
9, Fan dried and held 12 days before incubation 0 
LSD 19:1 87.6 
LSD 99:1 1204 


During this time any 48-hour incubation period at high 
humidity in light resulted in much spotting, but afte 
the eighth day none occurred. The optimum length of 
the incubation period was later found to be in the 
Small 


observed alter rd hours in the 


neighborhood ot 24 hours. spots could he 
chamber. 


Further 


humidity 
and larger spots occurred after 26 hours. 
incubation produced no appreciable changes. 

Species of Botrytis capable of causing blast. 
All the isolates of Botrytis found associated with onion 
blast in the field corresponded to Botrytis allti Munn. 
Of the species causing neck rot, this is the one found 
to sporulate most abundantly (7). However, other 
species of Botrytis used in inoculation experiments, 
such as B. cinerea, B. tulipae, and B. paeoniae, also 
caused symptoms similar to those caused by B. allii. 
But no spots or other symptoms were noted on onion 
leaves inoculated with spores of other genera including 
Stemphylium, Alternaria, Colletotricum, and Cephalo 
sporium., 

Histological studies of leaf spots.-Botrytis was 
never successfully isolated from naturally occurring 
leaf spots in the field. And even though it was possible 
to reproduce the leaf-spotting symptoms of blast by 
inoculation with Botrytis spores. the fungus still could 
not be reisolated if the leaves were surface-sterilized 
with such chemicals as sodium hypochlorite, mercury 
bichloride, or phenol. Accordingly, a_ histological 
study of diseased tissue was made to determine the 
mode of penetration of the causal organism, if any 
Small portions of leaves containing spots were taken 
from plants naturally and artificially inoculated in the 
field and These leat 


cleared in chloral hydrate for 12-24 hours and then 


vreenhouse. fragments were 


stained in 0.05‘ acid fuchsin in lactophenol for 12 
hours. The acid fuchsin stained fungus tissue red. but 
did not stain the cleared leaf tissue. In a second 
method, an epidermal strip was carefully removed 


from the portion of the leaf containing the spot, placed 
on a microscope elide. and flooded with 0.05‘ acid 
fuchsin in lactophenol. 

Examination of the dead and stained lesions and of 
stained epidermal strips revealed germinating Botrytis 
spores only on the surface of the lesions (Fig. 2-D 
} 


through either 


No penetration by the germ tubes, 


ONION BLAST OR LEAF SPOTTING BY BOTRYTIS i9 


cuticle or stomatal opening. could be found, nor any 
mycelium in the leaf tissue. The germ tubes on the 
leaf surface did not grow in any particular direction 
with relation to the position of the stomata, and in 
several cases were seen to have grown over the 
stomatal openings without entering them. 

In the lesions themselves, the epidermal cells became 
separated from the palisade cells below the epidermis, 
with both the palisade cells and the parenchyma cells 
becoming completely disorganized. A separation of 
cell walls was noted, as if the middle lamella had 
been dissolved. 

Leaf fragments containing spots taken from plants 
naturally inoculated under field conditions showed 
germinating spores similar in appearance to Botrytis 
on the lesion surfaces in about one-third of the sec- 
Alternaria-type spores were also 
found. But no mycelium was found, except in old 


tions examined. 


lesions that had become necrotic. This septate myce- 
lium was believed to belong to some secondary invader. 

The accuracy of the histological technique just de- 
scribed, which failed to reveal the presence of the 
fungus in the leaf lesion, was checked by the following 
procedures. It had been found by Williamson (unpub- 


lished), 


tulipae 


working on tulip leaf spot caused by Botrytis 
(Lib.) Lind, 


cuticle, and mycelium was present in the infected cells. 


that germ tubes penetrated the 


Therefore. tulip leaf sections containing typical leaf 
spots were cleared and stained by the method used on 
onions, These ( leared and stained tulip leaves showed 
germinating Botrytis spores on the surface of the 
lesions, with germ tubes invading infected cells. In a 
second procedure, onion leaf sections were boiled in 
water for 10 minutes to kill the tissue. which was then 
seeded with a spore suspension of B. allii and incu- 
bated for 48 hours in a moist chamber. The tissue 
was then cleared and stained in the usual manner. 
Microscopic examination revealed germ tubes on the 
leaf surface, penetrating the epidermal cells, and 
mycelium growing throughout the tissue. Therefore, 
the clearing and staining procedure used with onion 
leaves is considered reliable, and the lack of penetra- 
tion of the living leaves. demonstrated by the method, 
is significant. 

Since leaf- 


spotting symptoms were more severe when plants were 


The relationship of light to blast. 


inoculated under conditions approximating daylight, 
the effect of light on leaf spotting was further tested. 
l'welve greenhouse-grown onion plants were inoculated 
with a spore suspension of B. allii and immediately 
Kraft- 
paper bags were placed over 6 of these to exclude 
light. 
ered with polyethylene bags and placed in constant- 


covered with semitransparent polyethylene bags. 
In addition, ino ulated onion plants were COov- 


temperature chambers some of whi h were eat h illu- 
minated by ten 30-watt fluorescent bulbs. Inoculated 
plants were exposed to: 1) continuous light for 60 
hours, 2) 12 hours of light alternated with 12 hours 
of darkness for 60 hours. and 3) continuous darkness 
for 60 hours. Plants were also exposed under these 


three light conditions at three temperatures: 13, 18, 
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Taste 3.—Effect of manipulating the two environmental Paste 4 Relation of temperature to growth of mycelium 
factors of temperature and light on incidence of leat in nutrient broth plus glucose, and to toxin produc- 


spotting 


Mean 
Treat- Environmental changes during spots per 
ment 60-hour incubation plant 
] Constant temp. (24 ¢ continuous light 13 
2 Constant temp. (13° ¢ continuous light 60 
5 Constant temp. (24 ¢ continuous darkness | 
$ Constant temp. (13 ¢ continuous darkness } 
) Constant temp. (24 ¢ ilternate 
12-hr. light and 12-hr. dark 19 
a) Constant temp is « ilfernate 
12-hr. light and 12-hr. dark | 
rf Constant light—alternate 12-hr. periods 
at I3 and 24 ¢ 24 
8 Constant darkness—-alternate 12-hr. periods 
at 13 and 24 ¢ 2 
9 Alternate between darkne i and 
light at 24 ¢ ) 
10 Alternate between light at >and 
darkness at 24 % 
No accounting for the apparent discrepancy between this 


result and numbers 3 and 4 


and 24°C, 
Inoculated plants incubated in the creenhouse lor 


72 hours covered only with polyethylene bags had an 


average of 164 spots per plant. whereas plants cov- 
ered with polyethylene ind krattpaper bags to exclude 
light averaged 43 spots per plant. The numbers of 


spots on plants incubated in constant temperature 
chambers under various periods of artificial light are 
given in Table 3. Spotting of onion plants inoculated 
with a spore suspension of B. allii occurs after incuba- 
tion periods of 60 hours, both in continuous light and 
in alternating light darkness. Inoculated plants 


incubated in darkness for 60 hours had very few spots. 


and 


Why light is necessary was not determined 


Toxin production by botrytis allii.._. Vaterials and 


methods. Spores of B. alli formed by the fungus 


growing on potato dextrose igar, were asepti ally 
plac ed in liquid culture solutions The media used 
were modified Richard’s solution, modified Czapek’s 


solution, potato dextrose broth, and nutrient broth plus 


dextrose. The resulting cultures were incubated. either 
in a shaker or incubator. at 21 ¢ Mycelium and 
spores were removed, following incubation for various 


periods, by passing the culture solution through tine 
grade sintered glass or Seitz bacteriological filters. To 
resulting filtrates were 


plants that 


assay for toxin production, the 


sprayed immediately on leaves of onion 


were then covered with polyethylene bags and placed 
in the greenhouse or in constant-temperature chambers. 


alliit in 


removed 


To measure mvcelial growth of B relation 


to toxin production, mycelium was from the 


culture solution by passing the solution through Gooch 
crucibles before passing the filtrate through sintered 
glass filters in the usual manner. The mycelium was 
dried to a constant weight at 100°C. The fungus fil- 
trate was then sprayed on potted onion plants to test 
for toxin content. 

In determining the effect of dextrose concentration 


on toxin production the dextrose solutions were steri- 


tion, as measured by number of spots per onion 


plant 


Average no. 
of spots 


Dry weight of 
mycelium produced 


Temperature (mg) per plant * 
12°C 104 29 
is’ 166 69 
lg C 218 259 
ri Mag 292 363 
24°C 240 371 
on 201 105 
30°C 92 18 


Correlation coefficient 0.912. Highly significant. 


) plants per treatment. 


lized by passing through a Seitz filter before being 
added to the autoclaved nutrient broth. 

Growth of the fungus was good in potato dextrose 
broth and on nutrient broth plus dextrose. Growth 
was slight on synthetic Czepek’s and Richard’s solu- 
tions. 

Tests with filtrates. 


only on plants sprayed with the filtrate of the fungus 


sterile Leaf spotting occurred 
grown on nutrient broth plus dextrose. The spots pro- 
duced by the filtrate were very similar to those formed 
on the onion leaves by the germinating Botrytis spores 
except for greater variation in size and shape (Fig. 
2-B, C). 
culture solutions showed no spotting symptoms. Maxi- 
after the 
nutrient solution B. allii. 
Heating the fungus filtrate 10 100 C or 
keeping the fungus filtrate 12 hours at room tempera- 


Plants sprayed with fungus filtrates of other 
mum toxin production occurred 4-6 days 


was seeded with spores of 


minutes at 


ture inactivated the toxin. 

By growing B. allii in nutrient solutions for 5 days 
at 12. 15. 16. 21, 24, 27 er: 30 4 
mycelial growth and toxin production was obtained 


, a relationship between 


(Table 4). There was a high positive correlation be- 
tween growth of B. allii in culture and the amount of 
leaf spotting caused by the sterile fungus filtrates. 

\s seen from Table 5, the optimum concentration of 
dextrose in nutrient solution for toxin production is 
l¢;. As the dextrose concentration was increased from 


0.5 to 1°, toxin production as well as mycelium pro- 


Paste 5. Relation of dextrose concentration, in nutrient 
broth, to the mycelium and toxin production of 
Botrvtis allii 

Dry wt. mycelium Av. no 
Dextrose produced of spots 
cone, (mg) per plant “ Final pH' 
0.00 30 0 re 
0.05 50 1 7.12 
0.10 66 } 1.88 
0.50 135 52 4.95 
1.00 246 235 4.61 
2.00 302 122 4.20 


‘5 plants per treatment. 
Original pH of media 6.2 
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TaBLE 6.—Spots per onion leaf after six weekly applications 
of fungicides to field plots at Pine Island, New York, 


195] * 
Conc. 
Spray per Av. no. spots per leaf 

treatment 100 gal. Rep.1 Rep.2  Rep.3 Av. 
Check 198 168 138 168 
Dithane 7-78 2 Ibs. 118 122 78 108* ' 
Copper A 3 lbs. 153 222 134 170 
PEPS % pt. 196 186 160 181 
LSD 19:1 36.56 
LSD 99:1 55.38 


Each spray plot consisted of 8 rows 525 ft. long. Fun 
gicides were applied at a pressure of 110 lb. at the rate of 
100 gal. per acre. 

® Single asterisk indicates that difference between indi- 
cated figure and that of unsprayed check is significant at 


5% level. 


duction increased. At 2% dextrose concentration, 
toxin production decreased while mycelium growth 
continued to increase. 

Unlike the action of Botrytis spores, where light is 
required for spotting on onion leaves, the toxin from 
fungus nutrient-solution-filtrates caused spotting equally 
well whether plants were placed in light or dark fol- 
lowing its application. 

Rubbing onion leaves with 400-mesh carborundum 
increased their susceptibility to the toxin. Plants so 
injured and sprayed with the fungus filtrate had an 
average of 225 spots. whereas unrubbed plants simi- 
larly sprayed had an average of 79 spots. Injuring 
leaves, before inoculation with a spore suspension of 
B. allii, however, did not increase the amount of spot- 
ting. Thus, injuring the leaves increased susceptibility 
to the action of the toxin but not to the action of the 
germinating spores. 

Field control of blast.—Control studies were con- 
ducted in 1951 and 1952 in Orange County, New York, 
to determine what fungicides would best control the 
disease. In 1951, Dithane Z-78 (65°) zineb, zine 
ethylenebis| dithiocarbamate |). copper oxychloride 
(45% Cu), and PEPS (polyethylene polysulfide) were 
applied at the concentrations shown in Table 6, in 
replicated field plots. Triton B 1956, a spreader, was 
added. Six applications were made at weekly intervals 
at about 100 gal. per acre. Following the sixth appli- 
cation of fungicides, leaf-spot counts were made using 
the third youngest leaf from each of four randomly 
selected plants in each of the three replicates. Results 
are in Table 6. Zineb significantly reduced the num- 
ber of spots per leaf as compared with the check plots 
and all the other treatments. 

Extensive fungicide tests were conducted in 1952, 
but the disease did not appear that year except in one 
location in Orange County. The results are shown in 
Table 7. Here again, the number of spots per leaf 
was recorded as in the 1951 experiments. Fermate 
(76°, ferbam, ferric dimethyldithiocarbamate), cap- 
tan (50°) N-trichloromethylthiotetrahydrophthalimide ) 
and Parzate (19% nabam., disodium ethylenebis| dithio- 


carbamate |) plus zine sulfate, all significantly reduced 


the number of spots as compared with those in the 
unsprayed check plots. 

These results are in agreement with those of New- 
hall and Rawlins (6), who found in 1952 that nabam 
or zineb on onions gave a high degree of control of 
blast in several other sections of New York and re- 
sulted in a mean increase in yield on 16 farms of 167 
bushels to the acre (26%). 

Discussion.__It was supposed, as a result of pre- 
vious investigations, that blast of onions was caused 
by unfavorable environment, because no organisms had 
been found associated with the field symptoms of the 
disease. 

The senior author found that the leaf spot phase of 
the disease could be produced when onion leaves were 
inoculated with a spore suspension of Botrytis allii, 
B. cinerea, or other species of Botrytis. This leaf 
spotting occurred only if inoculated plants were exposed 
to daylight or strong artificial light following inocula- 
tion. Why light is necessary was not determined. An 
abundance of inoculum was found in onion fields 
where blast was present in the form of Botrytis alli 
conidia and conidiophores present on necrotic leaves 
and bulbs. An additional demonstration that blast is 
of pathogenic origin is seen in the success that New- 
hall and Rawlins (6) and the senior author had in 
controlling serious outbreaks of the disease with 
weekly applications of nabam. 

No evidence could be found of penetration by germ 
tubes of Botrytis spores through stomata or the cuticle 
of onion leaves. This lack of penetration may be why 
the causal organism could not be isolated from tissue 
showing leaf spot symptoms. If leaf tissue was surface- 
sterilized, the disinfectant used would kill the germi- 
nating spores on the leaf surface. If leaf sections were 
placed on artificial culture media without surface 
sterilization, saprophytic bacteria and fungi present on 
the leaves would overgrow the Botrytis. It is possible 
that slight penetration does occur (though not demon- 
strable by the histological methods used), but it seems 
certain that any growth of fungus hyphae within the 
tissue would have been detected. Whether penetration 


Tante 7.—Spots per onion leaf sprayed with fungicides, 
Pine Island, New York, 1952 


( onc, 
per 
100 =Rep. Rep. Rep. Rep 
Treatment gal. l 2 3 } Av. 

Fermate 2 |b. 5] 116 115 23 10]1*** 
Check 166 =. 26 1 214 329 242 
Orthocide 406 2 Ib. 34 93-100 63 © al 
Check 210 240 247 339 = «259 
Liquid Parzate 2 qt. 72 52 7] 53 i 
( hee k 19] 276 354 257 269 


‘Total of 7 applications were made between June 19 and 
August 12. The fungicides were applied at 150 |b. pressure 
at a rate of 100 gal. per acre. Each spray plot consisted of 
16 rows, 16 in. apart, 525 ft. long. Two untreated check 
plots, 35 ft. long, extended across the width of the field. 

"Double asterisks indicate that difference between indi- 
cated figure and that of corresponding check is significant 
at 1% level. 








cells that are not invaded by the 
hyphae are killed. These uninvaded cells are probably 
killed by the action of a toxin 


spores of Botrytis 


When a sterile filtrate of 


occurs or not, many 


secreted by germinating 


1 nutrient dextrose broth 


culture of B. allii was sprayed on onion leaves, it 
caused small lesions identical to those occurring on 
plants naturally infected in the field or those artifi- 
cially inoculated in the greenhouse. or field, with a 
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fructicola. S. laxa. Botrvyt ere | ertic m albo-atrun 
Colletotrichum P} frist ( ospor riche 
cens., and Pe nic ; Spy ! fual cultures n PDA potato 
dextrose agar). Antibiot production increases with time 
as measured by the i bit f S. fructicola by yveelium- 
free PDA plugs cut from the periphery of replicate Pu 
lularia colonies of various ages up to 8 days. The inhibitory 
substance is produced, at s active, on PDA of pH 3.7, 


6.6. 7.2. and 8.6 Pre ictlo t{ the intibiotic in potato 


” de xtrose broth shake iitures nereased by the addition 
of 1.3% galactose The crude antibiotic, in the form of a 
sterile filtrate of a continuously-shaken 8-day-old potato 
dextrose broth culture, does not lose activity upon heating 
at 100°C for 10 hours. Storage at 8°C for 15 davs results 
in no discernible loss of activity The growth-inhibiting 
substance is adsorbed strong from the culture filtrate onto 


activated charcoal. A hundred-fold dilution of the crude 
bioassay 


antibiotic, applied with filter-papet 
th of S iru ; a 


longer active in inhibiting the rowt 
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spore suspension of the fungus. This strongly indi- 
cates that the symptoms associated with this disease 
are the result of penetration of the leaf tissue by a 
toxic, exogenous substance elaborated by germinating 
spores of B. allii, though the fungus itself may not 
penetrate the tissue. Applying a protective fungicide 
to prevent spore germination has given excellent con- 
trol.—Department of Plant Pathology. Cornell Univer- 


sitv. Ithaca. New York. 
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steamers 
t {Te cle d by a 
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a steam vault or some 
(eration 


(Venturi) or a 


surface application, or in 


with a moving soil mass. may be 


exhauster squirrel-cage 
Phe use of low-temperature steam is desirable be 
application cost Is reduced; 2) a smaller boiler is required 
for a given job, or a larger area is treated in a given time: 
a portion of 


steam jet 
ause: 1) 


}) post-steaming soil toxicity is decreased: 4) 
remains and 
petition for 


the established nonpathogenic soil microflora 
luxuriates following treatment, providing com 
iny pathogens that may be introduced. 
Susceptibility of Mazzard 
Cameron, H. RONALD. 
varieties onto scaffold limbs of 


Seedlings to Pseudomonas 
Budding or grafting com- 


}-vear-old 


Syringae. 
mercial cherry 
mazzard seedlings has been recommended to reduce tree 
losses from bacterial canker . Sixty-three trees budded high 


on mazzard or mahaleb were compared with 61 low-budded 


trees. Ratings of natural infection from 0 (no canker) to 
> (tree killed by bacterial canker) were used. A rating 
above indicated cankers on main scaffold limbs. Trees 


budded high on maz- 
Eleven low- 
3-vear-old 


budded high on mahaleb averaged 0.7. 
zard 1.3, and budded low on mazzard 3.0 


budded trees were killed. Inoculation of 250 


mazzard seedlings with a known culture of Pseudomonas 
syringae gave 100% infection. Some difference in size of 


Cankers 
Gum was 


canker was noted in trees of different parentage. 
varied from 3 in. to 4 ft. in length after 4 weeks. 
seldom extruded, and only one tree died. Bing inoculated 
at the same time had large open cankers and gummed pro- 
fusely. Infected mazzards showed a faster regeneration of 
callus tissue than did Bing. Mazzard seedlings are tolerant 
of but not resistant to bacterial canker. 

Ele: trophoresis of tobacco mosatt 2ucleoprotein and nu 
/ virus on agar gels. Cocuran. G. W . G.W. Wet- 
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Kik, AND J. L. Cuipester. More than 50 agar electrophore- 
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sis experiments with varying sources of tobacco mosai 
virus have been completed using a sectional plastic U tube 
apparatus with o-ring-sealed joints. Two 1*2-in, removable 
sections near the base of one arm are filled with buffered 
liquid agar while set on molds. After gelling and assembly, 
a l-mm sample space 1s left between the agar filled sec- 
tions Standardized conditions of agar, 1%; buffer, pH 
44—.01W phosphate; field strength, 5 volts per em; cur- 
rent. 1.4 ma per em’*; time, 10 minutes; water-bath tem- 
) 


perature, < C, gave the following results. Centrifuge- 
purified nucleoprotein virus did not migrate. Phenol. 
prepared nucleic acid virus migrated from 0 to 2.5 cm 
toward the anode. Leaves grown on systemically infected 
plants, ground with dry ice, pressed into frozen wafers, 


} 


and inserted in the sample space, yielded 1% migrating, 
YY nonmigrating virus. A cireular disc cut from a similar 
leaf. quick-frozen in ether-dry ice and inserted in the ap 


paratus, yielded 13% migrating, 87% nonmigrating virus 
Migration distance and virus titer were determined by 
local-lesion assay of serially cut agar slices. The migrating 
virus from the infected tissue was assumed to be a nuclei 
at 

The fungicidal activity and sorption of nabam in soil 
Corpex. Marcotm E., ann Roy A. Youne. Nabam was 
highly fungicidal when mixed into soil, but was retained 
in the surface layers when applied as a drench. Assays 
were made in a sandy-loam soil artificially infested with 
chlamvdospores of Fusarium oxysporum f{. cubense. Fungi- 
cide treatments were made in sufficient water to bring the 
air drv soil to field capacity (25%), and chemic al concen 
trations were figured as mg of active chemical per kg of 
air-dry soil (ppm). Treatment effects were evaluated by 
soil dilution techniques. Nabam mixed into soil had an 
ED f 6 ppm, but drenched onto soil and assayed at 5-6 
em below the surface the EDs. was 600 ppm. Thus, undet 
these conditions about 99° of the nabam was retained in 
the upper 5 em of soil. Mixed into soil, nabam was more 
toxic than the structurally related carbamates maneb (ED 


18 ppm) and zineb (EDs: 86 ppm), and slightly more tox 
than the soil fungicide vapam (EDs 9 ppm). Nabam has 
been recommended as a soil drench primarily because of its 
ingitoxicity and water solubilitv. However, due to 


its sorption in the upper layers of soil, nabam should be 
more effective as a soil mix than as a drench treatment. 


Symptoms of Ditylenchus destructor, the potato rot nema 
fode ntectlor ar d their developme nt d iring storage 
DALLIMORE, FE. No foliage symptoms of Ditylenchus 
destructor are apparent, since infection is restricted pri 
marily to the tuber. The nematode may be present in the 
tuber for some time before external symptoms appear. A 
discoloration beneath the periderm is the earliest external 


ptom and, because of the softness of the tissue, may fre 
quently be detected by the fingers before being seen. With 
an increase in size and coalescence of lesions, the periderm 
develops a papery texture, becomes depressed, and even 
tually breaks, exposing the necrotic potato tissue beneath 
The earliest internal symptoms are small pearly white spots 
with a small hole in the center. On enlarging, the lesions 
take on a somewhat honeycombed appearance. Eventually 
these areas develop into gray to black loose woolly lesions 
that become apparent externally as dark spots beneath the 
periderm. In advanced stages the remaining portion of the 
potato tissue and nematode colony take on the appearances 
of brown matted wool. These areas are soft and spongy 
Since these symptoms are not specific for this disease the 
presence of the nematode is essential for final diagnosis. 
All stages of infection may be found at harvest. There may 
or may not be further development of symptoms during 
storage. 

{ two-bottom two-way plou sole fumigator. DALLIMORE, 
C. E. Under Idaho conditions plow-sole applic ation of soil 
fumigants for nematode control is usually preferable to 
chisel application. A two-bottom two-way plow, Interna- 
tional No. 39 rollover plow, is readily adapted to soil fumi- 
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gation. A tractor-power take-off pump of the nylon roller 
type is used to power the system. Neoprene-lined hoses are 
used for the suction, supply, and by-pass lines. The control 
block is made up of 2 by-pass valves (two valves have been 
found necessary in applying small quantities of fumigant), 
a quick shut-off valve, a pressure gauge, and brass pipe fit- 
tings. Spray nozzle parts and necessary adapters are used 
for orifice and screen containers. These containers are 
fastened to pieces of strap iron attached to the plow 
frame. The stream of fumigant is directed into the plow 
furrow ahead of the overturning soil. Two outlets per plow 
share are used with plows over 12 in. in size. For experi- 
mental work where different fumigants or different rates 
necessitate more than one size of orifice, rapid change can 
be made by attaching several orifices to the applicator and 
connecting the proper orifice to the delivery tube. 

Effect of stem girdling of citrus seedlings on size of 
Phytophthora gummosis lesions. Dimirman, J. E.. Ano 
L. J. Krorz. An attempt to alter the resistance of lemon 
and sweet and sour orange seedlings was made by a series 
of girdling experiments. Four seedlings of each species, 
14—12 in, in diameter, were planted to each 5-gal. can. They 
were topped to uniform height, and 2 months later 1 tree 
per can was ringed by removing a \-in. strip of bark com- 
pletely around the trunk and lightly scraping the wood 
beneath. One week after the first series, another tree was 
ringed in each can, and on the third week a third tree was 
also ringed. On the fourth week all 4 trees, including the 
one not girdled, were inoculated about 1% in. above and 
l') in. below the girdle with an isolate of Phytophthora 
citrophthora (2104) and an isolate of P. parasitica 
(55127B). The trees were placed on benches in the glass- 
house, where the maximum temperatures remained below 
32°C for 60 days. The cankers were scraped and margins 
delimited and traced. The split-plot analysis of 144 trees 
showed that girdling in the sweet orange reduced lesion 
size, especially below the girdle. This was also the case 
with lemon, but less so. In sour orange only slight differ- 
ences were noted The lesion size below the girdle was 
reduced, in general, in all 3 Citrus spp. 

Vegetative growth of Phytophthora spp. on differential 
synthetic media as an aid in separating isolates pathogenic 
to citrus. Dimitman, J. E., ano G. A. Zentmyer. Mycelial 
dry weight was used as a basis in studies on the carbon- 
nitrogen nutrition of Phytophthora spp. It was found that 
there were differences in the ability of ?. parasitica and 
P. citrophthora to utilize different amino-acid—carbohy- 
drate combinations, Certain amino-acid—carbohydrate com- 
binations produced excellent growth with both species, other 
combinations inhibited one or the other species. It is felt 
that differential media can be utilized to aid in the differen- 
tiation of these and other Phytophthora spp. pathogenic to 
citrus. A medium suggested for the identification of P. 
citrophthora would contain maltose or dextrin as the carbon 
source with l-asparagine as the nitrogen source. P. para 
sitica on this combination, along with salts and vitamins, 
produces less than one-seventh the growth produced by 
P. citrophthora. When a monosaccharide, such as glucose 
or fructose with 1l-glutamine or l-glutamic acid, was used 
in the basal medium, excellent growth was obtained for 
P. parasitica, whereas P. citrophthora grew very sparsely. 
Other Phytophthora spp. apparently fall into one of the 
three categories: those growing on either but not both 
amino acids, and those growing on both amino acids; and 
linear growth on solid synthetic media can be used as an 
aid in identifying them. 

Control of citrus fruit decay with dichloroisocyanuric 
acid. Ecxert, J. W., M. J. Korpezen, F. O. Wuippre, 
B. F. Loenr, ano R. J. Fucus. Paper sheets impregnated 
with sodium dichloroisocyanurate (NaDCCA) reduced de- 
cav in oranges artificially inoculated with Penicillium 
digitatum. Sheets (1117 in.) were impregnated with 0.41 g, 
0.96 g. 2.20 g, or 3.12 g NaDCCA. Two equal-concentratior 
sheets were placed in each fiberboard fruit carton. Inocu- 





84 PHYTOPAT 
lated fruit were « lated tor deca ind tungus sporulation 
at the end of a 15-day simulated market-handling period. 


reduced ce ay more than 


All NaDCCA treatment leve 


50% below that I intreated control truit In addition, 


treatment with NaDCCA at 2.20 g or 3.12 g per sheet 
greatly suppressed ful porulation on the surtace of 
decayed fruit The evolutio rate of chlorinous volatile 
material from moistened NaDCCA-impregnated sheets is 


accelerated by ammoni ilts. Combination formulations, 
consisting of paired NaDCCA and (NH,).SO, sheets, pro- 
vided more effective decay control than NaDCCA sheets 
alone. This combination usually produced fruit injury and 
did not control sporulation over the 15-day test 
Vapor-phase spectrophotometry and chemical analysis of 
trapped effluents indicate tf il N( | 


period 


is the principle volatile 


material arising fron noistened NaDCCA-impregnated 
sheets 
Effect of a virus or fie winter Lilling Of oats. ENbDo, 


R. M., anp C. M. Brown. In Illinois, the effect of vellow 
dwarf on winter oat varieties Lee, Dubois, and Wintok, and 
Hudson winter barley 


y was measured by comparing the win 
ter survival and yield of diseased and healthy plants 


Field 
infested with viruliferous apple-grain aphids, 
Rhopalosiphum fitchii, on October 21, November 7, or 
November 20: the heck plots were not infested These 
nhouse on caged Hudson 


plots were 


aphids were reare I trie ores 
barley plants infected with a moderately virulent strain of 
the barley yellow dwarf viru Illinois 1) 
percentage 


Symptoms did 
not develop unt differ 
ences in winter-killing between inoculated and uninoculated 


You when the 


varieties for the |] 2, and 3 dates of inoculation, respec 
tively, were (significant { ire shown by asterisk) W intok 
31.7*, 10.0%, 6.7; Dubois 3¢ 8.4*, 3.4; Lee 40.0*, 10.7*, 
6.7: Hudson 30.0 2] 5.3 Average infection in the 
plants that survived the winter was 8.3% for the uninocu 
lated checks, and 99.1, 99.8, and 97 for plants inoculated 
on the 1, 2, and 3 date respectively. Reduced yields fol 
lowing inoculation on the 3 dates were Dubois, 95.7, 68.6 
65.5%: Lee. 93.4. 85.0 2 W intok. 61.4. 56.1]. 57.3 


Hudson, 96.6 60. 576 


Variation ir solates r ymonas ssociated with 
blast and canker of fr f tree Calttor r I NCGLISH 
HarLey, AND JAmes R. Davis. Green-fluorescent Pseudo 
monads isolated fron tor fruits, pears, and citrus have 
been found to vary consider n cultural characteristics, 
physiology, and pathogens When grown on an agar 
medium containing proteose peptone as the nitrogen source 
and glycerol as the carl SOUTCE the following broad 
colony types were obser translucent greenish-white 
flat or with a slightly raised margin: 2) yellowish green, 
opaque, convex, and bluish-gray, opaque, raised 


All three types produced a water-soluble greenish-yellow 
pigment (fluorescein) n th nedium, but on potato 
dextrose agar only the second type formed this pigment 
Of the pathogeni« olate tested, only those of type 2 
formed acid in purple wctose agar [vpe 2 also showed 
weak pectolytir enzyme pre ductio1 whereas Type | lacked 
this capacity. Type 1 genet iused larger cankers on 
stone fruit trees than the other forms Type 2 was much 
more pathogenic to green pear fruits than were the othe 
types, and it was generally more pathogenic to bean stems 
No means have been found for distinguishing between path 


‘ 


Pseudomonads 


luorescent 


ogenic and nonpathoger 


other than by inoculation of living plant tissue Tyvpe 1 
isolates fit nicelv within P syringae but the concept of 
this species would need to be rroadened somewhat if it is 


to include the other tw ty pe 


4 tobacco-necrosis-lil . solated fror potato-tuber 
lesions and California soils. Gouin, A. Hersert. A tobacco 
necrosis-like virus has beet : ited trom lesions potato 
tubers grown in sandy soil f the Salinas Valley in Cali 
fornia. The virus could t be isolated trom symptomless 


These tuber lesions. while milder. 


Holland When 


areas on the same tubers 
resemble thos reporte 1 by Noorda 
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soil samples from the fields where these potatoes were 
grown was extracted with 0.05 VM K2HPO, and the extracts 
inoculated to Pinto bean, Beka bean, or cowpea, charac- 
teristic lesions were produced on the inoculated leaves. 
Similar lesions resulted from inoculations of extracts of 
other sandy soils and from uncultivated coastal dune sand, 
but not from heavier soils. Electron mi roscopy indicates 
the virus to be a small spherical particle. 

Vorphology and host range of a subterranean member of 
the Meliolaceae. Gorpon, C. C., C. G. SHaw, anno J. D. 
Menzies. This species of the Meliolaceae 
causes a disease referred to as “black root” of potato 
(Solanum tuberosum L.) and egg plant (S. melongena L.) 
on irrigated land in the Columbia Basin. The fungus pro- 
duces a dense, superficial reticulum of dark mycelium on 
the fibrous root system. Penetration is effected by an infec- 
tion peg produced by the terminal cell of a two-celled, 
capitate hyphopodium. The hyaline, bulbous haustoria are 
confined to the epidermis. One to several haustoria may 
be formed in a single epidermal cell. The perithecia are 
flask-shaped and ostiolate, with the perithecial wall 2-4 
cells thick. Forty-four tuber-forming and 8 non-tuber- 
forming species of Solanum proved susceptible in field and 
greenhouse tests. Potato and egg plant are the only eco- 
nomically important crops parasitized. Species belonging to 


undescribed 


1] other genera of the Solanaceae have shown no infection. 
The pathogen has not been observed on native and culti- 
vated species belonging to other families of flowering plants. 

The amount of Verticillium albo-atrum in Idaho certified 
GuTuriz, James W. Verticillium albo-atrum 
has been shown to be carried in potato tubers. In an effort 
to determine the percentages of tubers grown in the cer- 


potato seed. 


tified potato areas that carry this organism, isolations were 
made from about 1800 tubers from 8 localities. The tubers 
were surface-sterilized, and a wedge of tissue about 4 mm 
deep was removed from the stem end and placed on PDA 
All fungal cultures issuing from the tuber 
Those suspected ot being V. albo 


in Petri dishes. 
wedge were examined. 
atrum were subcultured for more definite identifications. 
The percentage of tubers from each area infected with 
V. albo-atrum was as follows: 0.0 in Teton Basin and 
MeCall, 0.2 in Grace-Soda Springs, 0.4 in Ashton-Lost 
River-Miscellaneous and 2.7 in North Idaho. As a check on 
tec hnique, isolations were made from potatoes grown in 
the Aberdeen and Rexburg areas, in both of which Verti 
cillium wilt is endemic. The per cent of tubers from which 
V. albo-atrum was obtained was 16.3 for Aberdeen and 30.0 
for Rexburg 

{ holly leaf spot associated with the use of copper fun 
Herripce, E. ANNE, anno R. C, Lampe. Copper 
compounds, in particular tribasic copper sulfate, have been 
tested and used extensively in Oregon for control of green 
algae and Phytophthora leaf and twig blight on English 
holly Bee ause of reports of injury following use of copper 
sprays, additional tests were conducted in 1958 in which 
tribasic copper sulfate, at rates of 2, 4, and 8 lb./100 gal 
lons of water and copper sulfate at 2 lb./100 gallons were 


Lie ides 


applied to young trees. These applications were made in 
April and June. By midwinter, raised, circular, red spots 
were apparent on the under surface of sprayed 


Severity of spotting increased with increased rates of chem 


leaves. 


lf al. The spots apparently centered on stomata, and ana 
tomical investigations showed deposition of resinous sub 
stances in the substomatal cells. The spongy mesophyll 
was greatly proliferated, and, through hypertrophy of the 
cells, the intercellular spaces were obliterated. Enlarged 
cells showed little or no chlorophyll. Although trials have 
been conducted on trees of different varieties and sizes for 
the past 5 years, this is the first instance in a controlled 
spray trial where injury has been associated with the use of 
coppel 

canker in stone fruit trees in 
DeVay, ann H. ENnciisu 


Occurrence of (.ytospora 
Lune, FF. L. J. 3 
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Isolates of Cytospora (tentatively identified as C. rubescens 
and C. leucostoma) have been implicated in the complex 
of organisms that cause cankers on stone fruit trees in 
California. The incidence of Cytospora cankers on Prunus 
domestica ‘var. President and Imperial ) has been 
most evident: however. these cankers have also been ob- 
served on P. amygdalis (var, Texas) and P. avium (var. 
Bing). Cankers caused by Cytospora are perennial and 
continue their development during the growing season, in 
contrast to the more common bacterial cankers caused by 
Pseudomonas syringae. Invasion of healthy tissues by 
Cytospora has been observed only in cases where bark 
injuries or dead tissues have served as infection courts. 
Healthy trees that are near trees severely infested with the 
shot-hole borer, Scolytus rugulosus, are often attacked and 
weakened; the injured and weakened tissues apparently 
serve as avenues of entrance tor ( vlospora, whic h has been 
frequently isolated from necrotic tissues surrounding the 
bark tunnels. Injured or dead plant tissues are favorable 
substrates for the growth of Cytospora, apparently because 
of the greater availability of certain growth factors in 
weakened tissues. All isolates of Cytospora studied thus 
far have multiple biochemical deficiencies. Growth equal 
to that on potato-dextrose broth has been obtained by grow- 
ing the isolates of Cytospora in a sugar-salt solution con 
taining a mixture of 10 water-soluble vitamins. Possible 
relationships between the growth-factor requirements and 
the pathogenic itv of ¢ ylospora are discussed. 

The diploid nucleus of Puccinia carthami in unstained 
water mounts. McCats, Artuur H. The diploid resting 
nucleus in each cell of the two-celled teliospore of Puccinia 
carthami is plainly visible in unstained water mounts. It 
appears as a large sphere 7.5-7.7 gw in diameter, located in 
the center of each cell. A single nucleolus is evident when 
the nucleus is stained with hematoxylin or phloxine-fast 
vreen. When spores are centrifuged the teliospore nuclei 
sink, ie., move in the direction of the force, while fat 
viobules in the urediospores rise. In a matter of minutes 
the fat globules become redistributed. Several hours are 
necessary for the teliospore nucleus to return to the centet 
of the cell. It remains dislocated for at least 3 months in 
centrifuged spores that have been dried rapidly. The mild 
centrifugation, 1400 G for 15 minutes, used to dislocate 
the nucleus did not prevent germination of the teliospores. 
{ prominent spherical object, probably the nucleus, is 
visible in water mounts of teliospores of P. graminis, r. 
malvacearum, and P, asparagt. 

Symptoms of Verticillium wilt of castor bean. MUELLER, 
KENNETH E.. ano Byron R. Houston. During a study of 
factors involved in the capsule blight of castor bean (Rici- 
nus communis) in the Sacramento Valley of California it 
was found that Verticillium albo-atrum was commonly iso- 
lated from roots, stems, petioles, and racemes of field- 
grown plants. Seedlings of the variety U.S. 3/384-8-6 two 
weeks of age were inoculated by dipping roots in a 
Verticillium spore suspension and transplanting. The coty- 
ledons of such plants wilted rapidly 13-20 days after inocu 
lation. Small areas of veinal discoloration occurred first 
on leaves, followed by chlorosis and necrosis of interveinal 
areas. As the plant elongated, the fungus moved upward 
but remained 1-3 nodes behind the growing point. Newly 
developed leaves often showed interveinal chlorosis. Sec- 
tions and isolations indicated that the fungus was not 
present in such leaves. After raceme formation the fungus 
moved into the racemes, resulting in necrosis of branches 
and blighting of capsules. Twenty days after inoculation, 
many small overgrowth areas appeared on the hypocotyl, 
and similar overgrowths later occurred on the stems. This 
roughening of the stems was due to abnormal increase in 
cell size and numbers in the cortex adjacent to invaded and 
damaged vascular bundles. Small islands of cell necrosis 
developed in the cortex. 

Juice transmission of cucumber mosaic virus to mazzard 
and mahaleb cherry. NYLAND, Georce. A virus obtained 
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from ringspot-free Shiro plum showed certain similarities 
to CMV ‘(cucumber mosaic virus). Inoculation with ex- 
pressed juice from leaves of Zinnia elegans and Nicotiana 
glutinosa infected with CMV originally obtained from can- 
taloupe in Imperial County, California, produced symptoms 
in mahaleb and mazzard cherry but not in almond or peach 
seedlings. Symptoms were much more abundant and obvious 
in mahaleb than in mazzard, although the virus was readily 
recovered in diagnostic herbaceous hosts from both. The 
virus was transmitted from infected mahaleb to mahaleb. 
In mahaleb, vein-clearing appeared in inoculated leaves after 
7 days and progressively developed into yellow-net and 
veinbanding by the 14th day. Some inoculated leaves 
showed a chlorotic spot mottle. Some leaves one node 
above those inoculated also developed symptoms after 
15-20 days. In mazzard, symptoms were limited to vein 
clearing and eventual veinbanding, but without yellow color. 
Six additional strains of CMV were juice-inoculated into 
mahaleb seedlings at the 3-leaf stage. Five strains produced 
vein-clearing, netting, veinbanding, and spot mottle, but 1 
strain failed to infect mahaleb seedlings. CMV was 
readily recovered from plants infected with the 5 strains. 

Relations of spore moisture content to spore shape and 
germination reaction to temperature. OGAWA, JoserH M., 
nD ArtHur H. McCain. Wet spores shrivel rapidly upon 
drying. Shriveled spores retain their features in immersion 
oil. Spores of Sclerotinia fructicola, S. laxa, Pseudoperono- 
spora humuli, Puccinia carthami, P. cyani, Ustilago hordei. 
Coryneum beijerinckii, Penicillium digitatum, Botrytis cine- 
rea, Rhizopus stolonifer, and a Mucor sp. were found on 
their hosts in the shriveled condition, Shriveled spores are 
drastically different from wet spores in shape. Exposure 
of wet and dry spores to various temperatures for 10 min- 
utes resulted in a sharp drop in germination near the 
thermal death point. Thermal death range, in °C, was as 
follows: S. fructicola, wet 40-45, dry 90-95: S. laxa, wet 
10-45, dry 80-85; U. hordei, wet 45-50, dry 90-95. Dry 
spores of the following fungi on glass rods were killed 
when exposed 1 second to live steam at 100°C: S. fructi- 
cola, R. stolonifer, a Mucor sp., P. digitatum, P. italicum, 
P, expansum, Cladosporium herbarum, B. cinerea, and 
Aspergillus niger. 

4 Fusarium wilt of Tagetes. Ousenxn, Cant M. A vascular 
Fusarium wilt caused heavy losses of African marigold 
(Tagetes erecta) in southern California seed fields during 
October, 1957. Pathogenicity of the Fusarium oxysporum 
consistently isolated from these plants was shown with 
single-spore cultures in steamed soil. In these tests a 97% 
loss occurred in the original field line, but many other 
commercial varieties were resistant. Mycelium extended to 
within a few cm of the plant apex. Seed transmission 
(2-10%) occurred. Most commercial varieties of China 
aster were highly susceptible to the aster and Tagetes 
forms, expressing similar symptoms. 7. erecta was highly 
susceptible to the Tagetes Fusarium but not to the aster 
form. A reselection of Ball White aster, 99% resistant to 
aster wilt, and the French marigold (7. patula) were highly 
resistant to the Tagetes form. Dahlia, Shasta daisy, English 
daisy, Calendula, Dimorphotheca, Caillardia, and zinnia 
were immune. Centaurea Double Blue Boy was about 45% 
susceptible. Pathogenicity to Tagetes was retained follow- 
ing passage through aster or Centaurea, or growth in cul- 
ture for at least 1% years. Cultures of the aster wilt and 
Tagetes wilt organisms are morphologically similar. 

4 root disease of fuchsia caused by Phytophthora para- 
sitica. Patt, S. S., anp Roy A. Youne. In the summer of 
1958 a severe outbreak of fuchsia root rot occurred in a 
greenhouse and lathhouse near Portland, Oregon. Affected 
plants wilted suddenly and died within a few days. Phytoph- 
thora parasitica was cultured consistently from roots and 
stems of dying plants and was shown by inoculation tests 
to be the cause of the disease. The disease developed in 
plants inoculated and incubated at 85°F, but not at 65° or 
75°F. Infection occurred at 75°F, but disease symptoms 
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did not develo; f to Nigher tem medium augmented by ether-acetone extractions of Di Hen. ew 
peratures. Plant cubated at 8> F tor 24 bachia amoena leaves. Numerous setae were produced on Ma 
and 48 hour t ecame infected but the medium alone or augmented with water extractions of : fou 
did not develop wulated and incubated D. amoena leaves. A non-setal isolate from Philodendron 4 res 
at 85 F for 80 | | a died eve! aanduraeforme grown concurrently on these same media lo 
though transfert t itures in produced setae on the water extract fraction only. On 10 ha 
June. July , \ ibove meal diverse organic media 6 lines trom a single ascus produced the 
temperatures for } 5 119 peratures above setae only on LBA and pea extract agars. However, on cel 
Go} ere re ) , pared te synthetic media plus casein hydrolysate, setae were pro- am 
, ind O da ‘ } other pare | ou duced, [hese same lines and 4 monoconidial! selal or non- ty} 
break of f . ’ ted to tent i etal isolates from different hosts were cultured or A ndes- . ron 
f, ann . } +} . . Keitt medium. Thirteen nutrients and growth factors were } ISO 
R idded. Choline chloride enhanced growth of all: B.. B; and § ste 
BP ne F : iracil inhibited growth of a Monoconidia isolates were f ol 
PETERS! LA | n } er en te Y bie In hag ProGuction, but variability occurred among 2 
a eee niall the ascospore lines. Ascorbic acid and calcium pantothenate : we 
eel aera a prevented setae production. A non-setal line mutant pro- : IS 
' ; ‘ a duced setae on all media except that with ascorbic acid ' 
produc ¢ | I ins Of a : ; i de 
sine: gonna 4 = Raetitnt an! ange? Relation of age of potato plants to infection by Verti- : 
s temperatut , RH ;' ian m albo-atrum. Toumsorr, WATER J. During the past : 
hation cha - f } tower. \ > vears isolations were made from roots, ste s and stolons : af 
pure culture of 1 r se y Imnaurtach if several hundred Russet Burbank potato plants grown in rs 
Little Club wheat ) ; re ade of held and greenhouse soils heavily infested with T ert im 2 
sll ie f, /_ eS albo-atrun Under all conditions wilt svmptoms were ie: 
nemic fleck ind 1 As j cu ibsent until atter tubers were set In 1958, is itions were od 
, ensity , f ured per cn nade from over 7000 linear in, of roots and 1163 in. of tiv 
F leat anetn «i iredia stolons taken from 40 plants 28, 38, 48, 61 nd 83 days be 
per 100 via S oe at rere ee after planting in the field. Root and stolon sections 's in, me 
for the type 4.1 ' inoculur long were plated serially. Stolons and tubers were -et after ' 10 
densities. to a ’ f eptibl. 8, but before 38, days At 28 days localized root invasions ' ro! 
infection type ; | , | conclusion were sparse, and systemic invasions were absent \fter t in 
wed D1 a tuber initiation all roots were susceptible to intectio Fre on 
the difference in . not eat be queney of local root infections increased progressively with wi 
ees ae ; time to 48-61 days, occurring about 5 times as frequently ' rol 
ilthough line 0 following as at 28 davs. At 83 davs local root infections were almost ' oe 
respect t inocu a ) { 0° viable entirely absent. Systemic root invasions first appeared after ' in 
uredospores pet ql i santas aud 8 days. Their numbers corresponded closely to the cumu ' Wi 
iit. anne : én aocieimiandl ative number of local infections until systemic root in- i 
2-fold it ime r | ind ) 10 isions coalesced Stolon infections occurred primarily ' mi 
Dustin tentencen ks : shee through small rootlets at stolon nodes, and local infections ‘ na 
RES eae ee ree enn ol beilos first appeared after 48 davs. Their frequency increased tre 
tion foci was o part why uredia progressively to 83 days. M 
counts were nus ) ! =: of int tio! toch, Pathoge nue variation otf Cytespora rubescens ifes on Br 
a ao eS eae stone fruit varieties. TrResHow, Micuaer, J. Frep SCHOLES, | 19 
Srecet. ALBERT Aa ' ae in of AND Wayne S. Garpner. Isolates of Cytospora rubescens ' a 
the number of necro! aah on 1 of N vere found to be pathogenic in varving degrees to 7 stone — 
tiana svlvestris by a ' f sire ge = sa fruit varieties inoculated over 2 vears Trees used were of 
irus. The strains u h does not induce re the same age and vigor. Two of the 10 isolates tested were - 
necrotic reactior t} | , h does. A series consistently highly virulent and produced 100 intection x 
inocula were t } sunt « n vigorous young stone fruit trees regardless of iriely i ee 
the U2 strain and differe f the U1] strai ' or species. ¢ onversely, less virulent isolates were relatively th 
aa. Seiad hie STE tent ten thi innocuous on most of the varieties. The differences in " 
inoculum. the few , at 3 induced irulence between isolates proved to be statistically signi , 
hus, the presen ' anes niarinres fieant. Golden Jubilee and Elberta peach and Felle nberg 
with lesion induc lf er. the prune were most susceptible to infection and Ker devel i 
leaves are first it ) atrats lo er an opment, and proved to be significantly more susceptible 
time later. super } } ition of than the more resistant varieties. While clear host speci i 
the U1] strain. the 1 ’ nd | 7 [12 ficity was lacking, the significantly greater virulence of t 
strain is not re | at f . infec generally nnocuous isolates on certain varieties suggested ’ 
tion results in a a oe of inocu that some degree of host preference existed: however, 
lation. The quantitatis t th the notio1 uch of the variation in severity of Cyfospora cankers in 
that only one virus 11 pate ymmercial orchards is attributed to differences in virulence 
in infectior Whe DI . at a between variants of the fungus. It is postulated that 
infectible site, eac} of | o the cankers are most severe in orchards where the ire path ' 
one that will is ' of which ogenic variants of the fungus are present, provided that : 
strain it Is a ember! other conditions (age, vigor, etc.) are similal ' 
Some physiolos P ‘  & ere gulata to Pathogen ify on citrus of Thiela opsis 0a ( la ar ils 
various media and ‘ OR} a AND solation from field roots. Tsao, Peter H AnD S. D. VAN 
GRAHAM, S. O. Natur induced anthracnose Gunpy. Thielaviopsis basicola is commonly found in citrus 
infections on folia pla Washingt 1 rratic in soils of southern California. Root infection on citrus in 
producing setac ‘ rr nary studle have the field, however, had not been knowr Infestation f soil 
demonstrated that trie phenoment n part with this fungus in greenhouse experiments produced : 
\ setae producin t wo st nthet! irked reduction in the growtl f seedlings of Homosassa : 
, 
: 
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sweet orange, Keen sour orange, and Cleopatra mandarin. 
Many other citrus species, varieties, and hybrids were also 
found to be susceptible hosts. The severe stunting was the 
result of a reduction in new root growth caused by infee 
tions, mainly on the fibrous roots. Heavily infected roots 


had a dark appearance. Mycelia and chlamydospores’ in 


the well-defined, small lesions were both inter- and intra- 
cellular. and were usually confined to the root cortex. Ex 
aminations of citrus roots from many orchards revealed 
typical Thielaviopsis lesions, although agar-plating of field 
roots nearly alwavs failed to yield 7. basicola. Satisfactory 
isolation was achieved, however, by inserting surface- 


sterilized root pieces into narrow slits made on cut surfaces 
of carrot roots and incubating under moist conditions for 
5-7 davs. With the “carrot-half” isolation technique, it 
was shown that field infection of citrus roots by 7. basicola 


nmon in southern California. 


18 Cor 


Influer é of growing, curing and 


storage practices on 
development of neck rot in onions. VAUGHAN, Epwarp K 
Excessive nitrogen fertilization and late irrigation resulted 
in increased incidence of neck rot in Sweet Spanish onions 
en size, and the incidence of disease was propor- 
size of the onions. Curing on the ground for 
34 davs after undercutting but before topping helped 
prevent neck rot, but the length of the curing period was 
not critical. Combinations of curing with tops on and addi- 
tional curing in the field after tops were removed were not 
better than corresponding periods of curing by either 
method alone. Drying 24 hours in rapidly moving air at 95, 
105, and 115 F resulted in greatly reduced losses from neck 
rot. Higher temperatures or longer drying periods were 
injurious to the onions. In all cases more rot developed in 

burlap bags than in onions stored in 
To ensure a reasonable incidence of neck 
rot infection in test blocks, spray inoculation using 120 
\. of water containing Botrytis allii spores applied late 
\n equal amount of 


of anv fi 


tional to the 


onjons stored in 
woode! rates. 


gal. 
in the day proved most satisfactory. 
water without spores was almost as effective 

Dead button, a non-transmissible disorder of Late Mont 
cherry. Waptey, Bryce N. An abnormality, desig 
nated here as dead button, was observed in 1949 in several 
trees, apparently replants of a variety locally known as Late 
Montmorency, in an orchard of Montmorency cherries near 
Brigham City, Utah. The same disorder was observed in 
1956 in a block of 21 trees of Late Montmorency belonging 
to the grower at North Ogden, Utah. Fruits on 
affected trees may develop necrotic areas at the stylar ends. 
areas, which vary in size, begin develop- 
ment while the fruits are small and green, and progress 
as the fruits develop. The necrotic area frequently extends 
to the stone and often separates from the healthy fruit 
tissue at maturity and leaves a hole in the stylar end of 
the fruit. The disorder recurs each vear on the same trees, 
but the number of affected fruits varies from year to year. 


morer 


same 


These necroti 
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No spread to other trees in the area was noted. Transmis 
sion was attempted by budding at various times to Mont- 
morency cherry and to Elberta peach without success. 
The effect of host nutrition on the development of exo- 
ortis in Poncirus trifoliata. Wratuers, L. G. The effect 
of nitrogen and phosphorus on host growth and develop- 
ment of exocortis in Poncirus trifoliata rootstocks with 
Eureka lemon (Citrus Limon) tops was studied by growing 
the host in quartz sand and supplying nutrient solutions 
varying in nitrogen and phosphorus. In the case of nitro- 
gen, plants showed an optimum growth at 210 ppm. Above 
that level, marked stunting occurred. Development of exo- 
cortis symptoms was directly correlated with the increase 
of nitrogen. At 1050 ppm, bark symptoms characteristic 
of exocortis appeared in P. trifoliata rootstocks within 10 
months of inoculation. At 630 ppm, symptoms developed 
within 14 months. Symptoms did not appear in plants at 
the 210 and 50 ppm levels after more than 21 months. 
With ppm. 
Some stunting occurred at higher levels, but was much less 
marked than with nitrogen. Plants at the highest level of 
phosphorus (547 ppm) developed symptoms 
within 14 months of inoculation. Exocortis symptoms did 
not appear in plants at levels of phosphorus below 547 
ppm after more than 21 months. Bark samples were r 
moved from the rootstocks 15 months after inoculation, 
sectioned, and treated with phloroglucinol-HCl. Plants 
showing bark symptoms of exocortis all gave positive color 
those without symptoms all reacted negatively. 


phosphorus, optimum growth occurred at 37 


exocortis 


reactions; 

Vethods of isolating Phytophthora cinnamomi from soil 
and from host tissue. Zentmyer, Georce A., J. D. Gir- 
PATRICK, AND W. A. THorn. Fuerte avocado fruit provide 
an excellent trap for Phytophthora cinnamomi. Firm fruit 
are half-embedded in soil in containers, and the soil flooded 
with water. In 3-6 days infections appear as brown, firm, 
circular spots at the water line. Other fungi rarely invade 
firm, unwounded fruit. The optimum period for leaving 
fruit in the mud trap was 48-96 hours, with some infection 
The optimum temperature for fruit infection 
and none above 30 C. 


in 24 hours. 
was 27 C, with light infection at 12 
P. cinnamomi was also recovered when unwounded apples 
were half-embedded in soil or when holes bored in apples 
were packed with moist soil, but other fungi interfered 
with the assay. Placing avocado fruit in wire baskets in the 
upper part of a soil-water suspension resulted in recovery of 
the fungus. Persea indica, a small-fruited avocado relative, 
also provided a rapid means of isolating P. cinnamomi 
from soil. Small seedlings developed stripe cankers on the 
stem, often within 2-3 days of being planted in infested 
soil. P. cinnamomi is readily isolated from diseased avocado 
trees by placing pieces of small, washed, infected roots, 
dipped briefly in 70% alcohol and blotted dry, on cornmeal 
agar plates. In 48 hours at 20-24°C, the fungus is easily 
identified: later, other fungi overgrow it. 
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consin Agric St 
Supported i h ¢ ee ¢ f 
(,raduate Scho I I Wi in 
Alumni Resear I 
Appreciatior kK. H.H il 
the photog: iphs 
In previous k ethod was described for 
selecting microor produce diffusible anti- 
biotics Agar dil t oll samples were 
made, and after 14 the plates were spraved 
with a mixed f several mutually 
non-antagonisti fun Inhibition 
zones of the fung und individual colonies of organ- 
isms from the soil indicated the production of diffu 
sible antibiotics. 1 tful group of organisms 
for antifungal te 1 to be the actino 
mycetes Not ( vevel fast-growing 
fungi from the actin cete colonies, 
Several year ifter the first tests, a second series 
was planned. I: e previous difheulty with 
unwanted fung ilter the technique 
with the aim of { I fungi and encouraging 
the actinomycet: ss edia that contained 
antifungal substance ld ordinarily achieve 
this purpose were I for tl irk, since 
they would suppre test funsg which were 
later sprayed on t \fter numerous prelim 
inary experiment t reported here, it was 
found that fungi could be educed by first air-drying 
the soil and then t st with CaCO... The 
rationale of the proced , that drying reduced 
the initial microbia DOT tor n the soil, and that 
the pH of th lding CaCO. would be 
changed to favor the re ill g actino about 0.1 g of powdered CaCO. and incubated in a 
mycetes (2) an etard that of most closed, inverted Petri plate at 26 C for 7-9 days. High 
fungi. Thus, w enviroament { the relative humidity was provided by saturating, with 
growth ot actinomveete es would be ( eased sterile distilled water, & pieces ot filter paper fastened 
for isolating act es that occurred in with arched wire in the plate bottom (Fig. 1-A). 
small numbers i \ given soil After incubation, soil suspensions were made with 
sample would ther ber and a sterile distilled water and incorporated in a 40—-45°C 
greater diversity i t ht vield sovbean meal glucose aval medium! that had been 
a diversity of ant dd ail gon adjusted with LV NaOH to pH 7.9-8.1. The final 
development t s de lilution of soil in the medium was made 1:30,000,000. 
scribed helow 
Soil samples ( i pread thin : oo 
:, ‘ l7 g igar per liter w ded t he 1 in 8 dilution 
layers in metal tra tor / days | j j : 
the supernatant of an aut i 1 imquid edium pe! 
to dry They were | stored in glass containers iter: sovbean meal. 40 g: glucose, 40 g: CaCO-. 3g). The 
until used. Ons ple wa xed with pH of the dium was 5.5 
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Fig. 1. A) Plate showing arrangement for moist incuba- 
tion of soil. Left, plate bottom with moist filter papers 
held in place by an arched wire; right, inverted plate top 
containing soil sample mixed with powdered CaCO,;. B) 
Comparison of soil dilution plates (1:40,000,000) of an un- 
treated compost soil (3 plates at left) and the same soil 
that had been dried, mixed with CaCO, and incubated 
under moist conditions (3 plates at right). Note the in- 
crease of actinomycetes and reduction in fungus colonies in 
the plates at right. The picture was taken 4 days after 
plates were poured—before the plates were sprayed with 
test fungi. Clearings on the medium around some of the 
colonies were not inhibition zones, but were the result of 
digestion of solid soybean meal particles. 


—_— 


Fifteen replicate Petri plates, each containing approx- 
imately 20 ml of medium, were poured for each soil. 
Plates were incubated at 26°C. With this method, 
substantial reduction in the ratio of fungi to actino- 
mycetes Was accomplished with most soils (Fig. 1-B). 
The number of bacterial colonies was not greatly re- 
duced. Most of these. however, did not interfere with 
the growth and isolation of the actinomycetes. There 
were usually 10-30 actinomycete colonies per plate. 
For soils that had unusually low or high population 
of actinomycetes, lower or higher dilutions, respec- 
tively, were employed in a second series of tests to 
vield a desirable number of actinomycetes per plate. 
Five or 6 days after soil dilution plates were poured, 
most of the actinomycete colonies had grown to macro- 
scopic size. A standardized, mixed, conidial suspension 
of 5 plant-pathogenic fungi was then sprayed with a 
compressed air atomizer onto the surface of the agar; 
each dilution plate was sprayed for about 3 seconds 
until the agar surface was wetted. The 5 fungi used 
were Alternaria solani (Ell. & G. Martin) Sor., 
Fusarium oxysporum Schlecht. f. lycopersici Sace., 
Glomerella cingulata (Stonem.) Spauld. & Schrenk, 
Helminthosporium victoriae Meehan & Murphy, and 
Verticillium albo-atrum Reinke & Berth. Preliminary 
tests showed that the 5 fungi were mutually non- 
antagonistic and grew well on the isolation medium 
used. After incubating the plates for 3 more days at 
26 C. the actinomycetes that were surrounded by large, 
clear inhibition zones were isolated. With this altered 
method approximately 40,000 actinomycete colonies 
from 81 soils were examined. Two hundred and four- 
teen that produced antibiotics effective against all 5 
fungi were selected and isolated. A majority produced 
inhibition zones of 25 mm or more in diameter.—De- 
partment of Plant Pathology, University of Wisconsin. 


Madison. 
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ON THE INFECTIVITY DILUTION CURVE 
OF PLANT VIRUSES 


Albert Siegel 


In a recent paper, Lindner et al (2) presented a 
new concept to account for the infectivity dilution 
curve commonly observed for plant viruses on a local- 
lesion host. They proposed that the number of lesions 
observed with high inoculum concentrations is pri- 
marily limited by the coincidence of infection of two 
or more cells within the area that will be occupied 
by a lesion. This is in contrast to previous proposals 
(1, 3) that the number of infectible sites is the chief 
limitation to the number of lesions that can be formed. 
This note points out that it is unlikely that the coin- 
cidence concept applies under the conditions of the 
experiment reported by Lindner et al. 

Lindner et al contended that each countable lesion 
reduces the potential number of lesions by the mean 


sif 


number of cells per lesion so that ¥ , where 


Y is the maximum number of lesions that can be 
formed, C is the number of epidermal cells per leaf, 
sf is the fraction of epidermal cells that can be in- 
fected, and L is the mean number of epidermal cells 
per lesion. However, it seems more reasonable to me 
that each countable lesion reduces the potential num- 
ber of lesions, not by the mean number of epidermal 
cells per lesion, but only by the number of cells per 
lesion that could have been infected at the time of 
inoculation. The expression for Y thus becomes 


sfC 
sf(C-YL) or Th For instance. if a leaf has 10° 
epidermal cells of which 10° can be infected (C 
10°, sf 10-4, sfC 10°), and if the lesion size (L) 


is 10° epidermal cells, then the maximum number of 
lesions would be 99, rather than 1 as calculated with 
the equation of Lindner et al. 

To demonstrate that it is unlikely that coincidence 
of infected cells limits the number of lesions in the 
system of Lindner et al, consider that they observe a 
maximum of 148 lesions per leaf with a mean area of 
137 epidermal cells per lesion. Since their leaf has 
1.16 10° epidermal cells, only a small fraction 
(about 2°) of the cells of the leaf are involved in 
lesions. It thus becomes unlikely that countable lesions 
are lost because several infectible cells are included 
in each lesion, unless the infectible cells occur in 
clusters. 

Lindner et al estimated the value for sf in their 
experiment to be 1.75 10°*, which would mean that 
2.03 * 10* epidermal cells on a leaf can be infected. 
Since they observed a maximum of only 148 lesions 
per leaf, it follows that each lesion formed prevented 
137 lesions from being formed. There are also 137 
epidermal cells per lesion. It follows from their 
argument that all the cells involved in a_ lesion 
could have been infected at the time of inoculation. 
This is equivalent to saying that the leaf has 148 


a ee. 
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